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THE COMMANDANT OF THE UNITED STATES COAST GUARD
WASHINGTON, D.C. 20563

TO UNITED STATES MARITIME INTERESTS:

INERT GAS SYSTEMS FOR TANK VESSELS

The documents attached concern a new regulation on inert
gas system, adopted in November 1979 by the Assembly of the
Intergovernmental Maritime Consultative Organization (INCO).
This new regulation is supplemented with Guidelines for Inert
Gas Systems.

This new regulation and Guidelines are the result of
several years of study internationally by the IMCO Subco:ittee
on Fire Protection, in which some 20 countries participated.

In addition, the findings of a National Materials Advisory
Board study on materials aspects of inert gas systems are
included.

The text attached and the supplementary information I
commend to your attention in the interest of Maritime Safety.

Toward our common goal of safety at sea,

9 0'.B.Y ES
Admiral, U. S. Coast Guard
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I MCO

REVISED REGULATION 62 OF CHAPTER 11-2 OF j *. .- r >.

THE INTERNATIONAL CONVENTION FOR THE0 i
SAFMT OF LIFE AT SEA., 1974

THE ASSEMBLY,

RECALLING Article 166i) of the Convention on the Inter.Governmental Maritime
Consultative Organization concerning the functions of the Assembly,

R ECALLI NG A LSO resolution 5 of the I nternastional Conference on Tanker Safety and
Pollution Prevention, 1978 which recommends IMCO to re-eamine the requirements relating
to inert gas systems in Regulation 62 of Chapter 11.2 of the International Convention for the
Safety of Life at Soe. 1974, and to develop guidelines to supplement the requiremen to of that
regulation,

NOTING WITH SATISFACTION that the 1974 SO LAS eonivention will come into force
on 25 May 1Q80,

NOTING ALSO that the Maritime Safety Committee at its forty-first session approved a
revised text of Regulation 62 for inclusion in the amendments; to fth 1974 SOLAS Convention
and that 3upporting guidelines are under development,

1., URGES Governmenti under the provisions of Regulation 5 of Chapter I of the Iitrna-
tional Convention for the Safety of Life at Sea. 1974, to apply the revised Regulation 62 set out
in fth Annx to the present resolution in piace of the existing requiremen'ts;

2. REQUESTS the Maritime Safety Committee to continue with all possible speed the develop.
ment of the guidelines for inert gas systems;

3. AUTHORIZES the Maritime Safety Committee to circulate the completed guideline to all
Governments concened

ANNE)

REVISED REGULATION 62 OF CHAPTER 11-2 OF
THE INTERNATIONAL CONVENTION FOR THE

SAFETY OF LIFE AT SEA, 1974

Inert Gas System

(al The inert gas system referred to in Regulation W0 of this Chapter, as amended by the
1978 SO LAS Protocol, shall be designed, constructed and.tted to the satisfaction of #he

( Administration. It shall be deigned and operated so as to render and maitain the 3imocShere of
.he cargo tanks' non-flamnmabie at all times, except when such tanks are recuired t e ,as free

Througnout this Reguiution tfie trm "cargo tank" -ndiudus aSM 3100 W~101"
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In thn event that the inert g system is unable to meet the operational requirement set out
Pl:,ove and it has been assessed that it is impractical to effect a repair, then cargo discoarge,
dcLallasting and necessary tank cleaning shall only be resumed when the "emergency
conditions" laid down in the guidelines on inert gas systems are complied with.

Ib) The system shall be capable of:

(i) iiierting empty cargo tanks by reducing the oxygen content of the atmosphere in
each tank to a level at which combustion cannot be supported;

(ii) maintaining the atmosphere in any partof any cargo tank with an oxygen content
not exceeding 8 per cent by volume and at a positive pressure at all times in port
and at sea except when it is necessary for such a tank to be gas free;

(iii) eliminating the need for air to enter a tank during normal operations except when it
is necessary for such a tank to be gas free;

(iv) purging empty cargo tanks of hydrocarbon gas, so that subsequent gas freeing
operations will at no time create a flammable atmosphere within the tank.

(c) (i) The system shall be capable of delivering inert gas to the cargo tanks at a rate of at
least 125 per cant of the maximum rate of discharge capacity of the ship expressed
as a volume.

(ii) The system shall be capable of delivering inert gas with an oxygen content of not
more than 5 per cent by volume in the inert gas supply main to the cargo tanks at
any required rate of flow.

(d) The inert gas suily may-be treated flue gas from the main or auxiliary boller(s). from one
or more separate gas generatrs or other sources or from any combination thereof. The Adminis.
tration may accept systems using inert gem other than flue gas, provided that an equivalent
standard of safety is achieved. Systems using stored carbon dioxide shall not be permitted unleso
the Administration is satisfied that the risk of ignition from generation of static electricity by
the system itself is minimized.

(a) Flue gas isolating valve(s) shall be fitted in the inert gas supply main(s) between the boiler
uptake(s) and the flue gas scrubber. These valves shall be provided with indicators to show
whether they are open or shut, and precautions shall be taken to miintain them gas-tight and
keep the seatings clear of soot. Arrangements shall be made so that boiler soot blowers cannot
be operated when the corresponding flue gas valve is open.

(f) i) A flue gas scrubber shall be fitted which will effectively cool the volume of gas speci-
fied in paragraph (c) of this Regulation and remove solids and sulphur combustion
products. The cooling water arrangements shall be such that an adequate supply of
water will always be available without interfering with any essential services on the
ship. Provision shall also be made for an alternative supply Of cooling water.

(ii) Filters or equivalent devices shall be fitted to minimize the amount of water carried
over to the inert gas blowers.

(iii) The scrubber shall be located aft of all cargo tanks, cargo pump rooms and cofferdams
separating thes spaces from machinery spaces of Category A.

(g) (i) At least two blowers shall be fitted which together shall be capable of delivering to the
cargo tanks at least the volume of gas required by paragraph (c) of this Regulation.

(i,) The inert gas system shall be designed so that the maximum oressure which it can
exert on any cargo tank will not exceed the test pressure of any cargo tank. Suitaole
shut-off arrangements snail be provided on the suction and discnarge connexions of
eacn iower. Arrangements snail be provided to enable the functioning of the inert
gas plant to be stabilized before commeacing cargo discharge. If the blowers are to be
used for gas freeing, their air inlets shall be provided with blanking arrangements.
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(ii) The blowers shall be located aft of all cargo tanks, cargo pump rooms and cofferdams

(. separating these spaces from machinery spaces of Category A.

(h) (i) Special consideration shall le given to the design and location of scrubber and
blowers with relevant piping and fittings in order to prevent flue gas leakages into
enclosed spaces.

(ii) To permit safe maintenance, an additional water se31 or other effective means of
preventing flue gas leakage should be fitted between the flue gas isolating valves and
scrubber or incorporated in the gas entry to the scrubber,

V(i) (i) A gas regulating valve shall be fitted in the inert gas supply main. This valve shall be
automatically controlled to close as required in sub-paragraphs (s)(ii) and (s)(iii) of
this Regulation. It shall also be capable of automatically regulating the flow of inert
gas to the cargo tanks unless means are provided to automatically control the speed
of the inert gas blowers required in paragraph (g) of this Regulation.

(ii) The valve referred to in sub-paragraph (i) of this paragraph shall be located at the
forward bulkhead of the most forward gas safespace* through which the inert gas
supply main passes.

(j) (i) At least two non-return devices, one of which shall be a water seal, shall be fitted in
the inert gas supply main, in order to prevent the return of hydrocarbon vapour to
tne machinery spaces uptakes or to any gas safe spaces under all normal conditions of
trim, list and motion of the ship. They shall be located between the automatic valve
required by paragraph (i) of this Regulation and the aftermost connexion to any
cargo tank or cargo pipeline.

(ii) The devices referred to in sub-paragraph (i) of this paragraph shall be located in the
cargo tank area on deck.

(iii) The water seal referred to in sub-paragraph (i) of this pargraph shall be capable of
being supplied by two separate pumps, each of which shall be capable of maintaining
an adequate supply at all times.

(iv) The arrangement of the seal and its associated provisions shall be such that it will
prevent backflow of hydrocarbon vapours and will ensure the proper functioning of
the seal under operating conditions.

(v) Provision shall be made to ensure that the water seal is protected against freezing, in
such a way that the integrity of seal is ,ot impaired by overheating.

(vi) A water loop or other approved arrangeme- t shall also be fitted to all associated water
supply and drain piping and all venting or pressure sensing piping leading to gas safe
spaces. Means shall be provided to prevent sucr.. ops from being ernptied by vacuum

(vii) The deck water seal and all loop arrangements shall b- capable of preventing return of
hydrocarbon vapours at a pressure equal to the test pressure of the cargo tanks.

(viii) The second device shall be a non-return valve or equivalent capable of preventing the
return of vapours and/or liquids and fitted forward of the deck water seal required in
sub-paragraph (i) of this paragraph. It shall be provideo jith positiv means of closure
As an alternative to positive means of closure, an additional valve having such means
of closure may be provided forward of non-r turn valve to isolate the deck water
seal from the inert gas main to the cargo tanks.

(ix) As an additional safeguard against th~e possible !eakage jf hydroc-irbon liqluids ors vapours back from the deck main, means shall be orovded to oermit this section

•nto e entry of hydrocarbon gases wouia Produce hazards with regaid to
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of the line between the valve having positive means of closure referred to in sub-
paragraph (viii) of this paragraph and the valve referred to in paragraph (i) of this
Regulation to be vented in a safe manner when the first of these valves is closed.

(k) (i) The inert gas main may be divided into two or more branches forward of the non-
return devices required by paragraph () of this Regulation.

(ii) (1) The inert gas supply main(s) shall be fitted with branch piping leading to each
cargo tank. Branch piping for inert oas shall be fitted with either stop valves or
equivalent means of control for isolating each tank. Where stop valves are fitted,
they shall be provided with locking arrangements, which shall be under the
control of a responsible ship's officer.

(2) In combination carriers, the arrangement to isolate the slop tanks containing oil
or oil residues from other tanks shall consist of blank flanges which will remain
in position at all times when cargoes other than oil are being carried except as
provided for in the relevant section of the guidelines on inert gas systems.

(iii) Means shall be provided to protect cargo tanks against the effect of over-pressure or
vacuum caused by thermal variations when the cargo tanks are isolated from inert
gas main (s).

(iv) Piping systems shall be so designed as to prevent the accumulation of cargo or water
in the pipelines under all normal conditions.

(v) Suitable arrangements shall be provided to enable the inert gas main to be connected
to an external supply of inert gas.

(I) The arrangements for the venting of all vapours displaced from the cargo tanks during
loading and ballasting shall comply with paragraph (a) of Regulation 58 of this Chapter and shall
consist either of one or more mast risers, or of a number of high velocity vents. The inert gas
supply main(s) may be used for such venting. -

(m) The arrangements for inerting, purging or gas freing of empty tanks as required in para.
graph (b) of this Reulation shall be to the satisfaction of the Administration and shall be such
that the accumulation of hydrocarbon vapours in pockets formed by the internal structural
members in a tank is minimized and that:

(i) on individual cargo tanks the gas outlet pipe, if fitted, shall be positioned as tar as
practicable from the inert gas/air inlet and in accordance with paragraph (a) of
Regulation 58 of this Chapter. The inlet of such outlet pipes may be located either
at deck level or at not more than 1 metre above the bottom of the tank;

(ii) the cross sectional area of such gas outlet pipe referred to in sub-paragraph (i) of
this paragraph shall be such that an exit velocity of at least 20 m/nc can be main-
tained when any three tanks are being simultaneously supplied with inert gas. Their
outlets shall extend not less than 2 metres above deck level;

(iii) each gas outlet referred to in sub-paragraph (ii) of this paragraph shall be fitted with
suitable blanking arrangements;

(iv) (1) if a connexvon is fittod between the inert gas supply main(s) and the cargo
piping system, arrangements shall be made to ensure an effective isolation
having regard to the high pressure difference which may exist between the
systcms. This shall consist of two shut-off vaives with an arrangement to /tt
,he space between the valves in a safe manner or 3n arrangement consisting of
a spool-piece with associated blanks;

(2) the valve separat;ng the inert gas supoly main from the cargo mdin and wnich s
on t,; c;argo main side ahall ui. j nii, n valve with a pOsitivt means ot
closure.
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(n) (i) One or more pressure.vacuum breaking devices shall be provided on the inert gas
supply main to pre,,ent the cargo tanks from being subject to:
(1) a positive pressure in excess of the test pressure of the cargo tank if the cargo

were to be loaded at the maximum specified rate and all other outlets are left
shut; or r

(2) a n, iative pressure in excess of 700 millimetres water gauge if cargo were to be
discharged at the maximum rated capacity of the cargo pumps and the inert gas
blower(s) were to fail.,

(ii) The location and design of the devices referred to in sub-paragraph (i) of this para-
graph shall be in accordance with paragraph (a) of Regulation 58 of this Chapter.

(o) Means shall be provided for continuously indicating the temperature and pressure of the
inert gas at the discharge side of the gas blowers, whenever the gas blowers are operating.

(p) (4 -. Instrumentation shall be fitted for continuously indicating and permanently recording
when the inert gas is being supplied:
(1) the pressure of the inert gas supply main(s) forward of the non-return devices

required by sub-paragraph (j)(i) of this Regulation; and

(2) the oxygen content of the inert gas in the inert gas supply main on the discharge
side of the gas blower,

(ii) The devices referred to in sub-paragraph (i) of this paragraph shall be placed in the
cargo control room where provided. But where no cargo control room is provided,
they shall be placed in a position easily accessible to the officer in charge of cargo

* ( operations.

(iii) In addition, meters shall be fitted:

(1) in the navigating bridge to indicate at all times the pressure referred to in sub-
paragraph (i)(1) of this paragraph and the pressure in the slop tanks of combina-
tion carriers, whenever those tanks are isolated from tha inert gas supply main;'
and

(2) in the machinery control room or in the machinery space to indicate the oxygen
content referred to in sub-paragraph (i)(2) of this paragraph.

(q) Portable instruments for measuring oxygen and flammable vapour concentration shall be
provided. In addition, suitable arrangement shall be made on each cargo tank such that the condi-
tion of the tank atmosphere can be determined using these portable instruments.

(r) Suitable means shall beprovided for the zero and span calibration of both fixed and portable
gas concentration measurement instruments, referred to in paragraphs (p) and (q) of this Regula-
t on.

(s) (i) Audible and visual alarms shall be provided to indicate

(1) low water pressure or low water flow rate to the flue gas scrubber as referred to
in sub-paragraph (f)(i) of this Regulation;

(2) high water level in the flue gas scrubber as referred to in sub-paragraph f)(I) of
this Regulation;

(3) high gas temperature as referred to in paragraph (o) of this Regulation,

(4) failure of the inert gas blower(s) referred to in paragraph (g) of this Regulation,
(5) oxygen content in excess of 8 per cent by volume as referred to in sub.

paragraph (p)(i)(2) of this Regulation,

(6) failure of the power supply to the automatic control system for "he as regu-
lating valve and to the indicating devices as referred to in paragraph (0) and sub-
paragraph (p)(i) of this Regulation, 1
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(7) low water level in the water scal as referred to in sub-paragraph (j)(i) of this
Regulation:

(8) gas pressure !ess than 100 millimetres water gauge as referred to in sub-
ptragraph (p)(i) of this Regulation. The alarm arrangement shall be such as to
ensure that the pressure in slop tanks in combination carriers can be monitored
at all times, and

(9) high gas pressure as referred to in sub-paragraph (p)(i(1) of this Regulation.

(ii) Automatic shut down of the inert gas blowers and gas regulating valve shall be
arranged on predetermined limits being reached in respect of sub-paragraphs (i)(1),
(i)(2) and (i)(3) of this paragraph.

(iii) Automatic shut down of the gas regulating valve shall be arranged in respect of sub-
paragraph (i)(4) of this paragraph.

(iv) In respect of sub-paragraph (i)(5) of this paragraph, when the oxygen content of the
inert gas exceeds 8 per cent, immediate action shall be taken to improve the gas
quality. Unless the quality of the gas improves, all cargo tank operations shall be
suspended so as to avoid air being drawn into the tanks and the isolation valve
referred to in sub-paragraph (j)(viii) of this Regulation shall be closed.

(v) The alarms required in sub-paragraphs (i)(5), (i)(6) and (i)(8) of this paragraph shall
be fitted in the machinery space and cargo control room, where provided, but in each
case in such a po.iton that they are immediately received by responsible members of
the crew.

vi) In respect of sub-paragraph (i)(7) of this paragraph the Administration shall be satis-
fied as to the maintenance of an adequate reserve of water at all times and the
integrity of the arrangements to permit the automatic formation of the water seal )
when the gas flow ceases. The audible and visual alarm on the low level of water in
the water seal shall operate wnen the inert gas is not being supplied.

(vii) An audible alarm system independent of that required in sub-paragraph (i)(8) of this
paragraph or automatic shut down of cargo pumps shall be provided to operate on
predetermined limits of low pressure in the inert gas main(s) being reached.

(t) All existing tankers, as defined in sub-paragraph (a)(v) of Regulation 1 of Chapter 11-2 of
the 1978 SOLAS Protocol, which are required to have an inert gas system, shall at least comply
with the original Regulation 62 of this Chapter as adopted by the International Conference on
Safety of Life at Sea, 1974. In addition, they shall comply with the requirements of this Regula-
tion, excapt that:

(i) Inert gas systems already fitted on board such tankers or which will be fitted before
June 1981 need not comply with the following sub-paragraphs:
(c)(ii), (f)(iii); (g)(ii);i (h); (i)(ii); (j)(ii); (j)(vi); (j)(ix)., (k)(iii); {k)(iv); (m)(h),

(m)(iv)(2) and (s)(vii);

(ii) Inert gas systems which will be fitted on board such tankers on or after June 1981
4need not comply with the following sub-paragraphs:

(c)(ii), (f)(iii); (g)(iii and W OO(d.

(u) Detailed instruction manual(s) shall he provided on board, covering the operational, safety
and maintenance requirements and occupational health hazards relevant to the inert gas system
and its application to the cargo tank system". The manual(s) shall include guidance on proce-
lures to be followed in the event of a fault or failure of the inert gas system.

Reference is made to the guidelines on inert gas systems, under development, to be circulated in due course
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Gum m FOR now GAS sysTDms

1. In rusponse to resolution 5 of the Intexuational Conference on. Tanker

Safet7 and Pollution. Pzvention 1978 which requested the Orgaization to
pomote studies with a view to re-eznmining the req1uizemts relating to
inert gas systems Lu IRegulation 62 of Chaptw 11-2 of the 1974 SOLAS
Convention and to develcp evidelines to mupplamt the requmtnts of that
regulation, the Assembly adopted with resolution A.418(XI) a rev sed text
for inolusion in the fizut set of amadmmnts to ±hat convention. -

2. The Coit bee at its for'ty-econd session approved the Guidelines for

brurt Gas System which noe attaohnd at aez and wze ?efe~'ed to in the
revised Regulation 62 of Chapter 11-2 of the 1974 SOLAS Convention.

3. Tho Vaidelinss are based on the design and operation of current inert
gas systems using6 flue gas from boiler uptakes. Consideration is being
given to provisions foz inert gas systems in chemical tarore.

4. Hainber governments are invited to give effect to these gaidelines, to

be used for the desiga, operation and maintenance of such systems.

5. Member gover'nments are fuzther invited to infoz the Orgeization on
steps taken in the implomentation. of draft revised Regulation 62 and the

associated guide~,inee fr inert ga~s systems.
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1.1 PUos

The Inte:aationul, Conerance on Tanker Safety and Pollut hrvn~ ol iJd
in Februar'y 19718 'passed resolution 5 recomendi±ng that t,. nter-Gm-ew2enta1
Maritini t- na,.itiivo ftganizatirn develop guidelines to supplement the
zequi..'e*unt;a of amendec. lj.alation 62 of Cbpter 312 of the 197A SOUAS
Convention* by taking into acount tho ardue', operating conditione ofI ~~inert fna system. and the need to wi~trzn them to a satiefatory
standard, In addition Reealation 62(a) --squires t.at an iert gas system
shall *:c- d~,&d oonezruc-ced and tested to the satisfaction of the

4dminstmk.i These Ouidclev have acordIngly beam developed to
supplement ;zd ooinplement the Convention -sq MetAA :or inrt sins
systems. ,he Saxe offere! to AMinistratiorns to asuist t25m in
determining anr-opriato des±ian o onsttnitonal paxwArters 023d in
folating nu~itabloe puramtione prcedures whon inert ga sstems are
insta11ec! in @Uip@ flj-1tg the flag of their State.,

1.2 Ai-igto

1,2.1 The status of these rudelins is advisory. They are intende! to cover
the doei= =d operstion of:

.1 inert eps system thaimt are required or) new tankers by Re~ru,'atIcn 60
of Chnptaur 17.2 of the l~8SOLAS Pr-otcowl' &W in uac=ccra.ce with
Regulat;ion 62;

.'inert gee systemis thx&, ar.e r, qtUired on exist_:-g tankers t,.
Regulation 60 of Chapter 12of t1a 1973 SOLUS Pro' ocol and in
acccrdancs with Bogulatinn 62(t)t

.3inert Sao systems which aro. fitted buti not~ xequizred to .cv.;1y
with th~a requirements of Regulation 60 of Motoer 17-2 of tha 19713
SOUSA F~otocol,

L.2,2 BZove'r, for existing inert gas system the auideliner am*edireted
-imaily at operational. procedures and are not intended to *ae interpreted as

requiring modifications to existing equ±ient other than, those ich axe
required on ships to uhich Regulation 62(t) applies.

1.2.3 The content of these Qal~delines, is based on ouxrrent general1 practice
used in the design and operatiorn of' inert Ou systems using flue gas
from the uptake from the shiplo =ain or auxiliary boilers, and installed
on crude oil tankers and combination carriers. The Guidelines do not

~' exclude other sources of Inert gas, such as e~etems incorporating
indepenient Inert ons generators, other designo, materials or operational

.X procedures.* All such divergences should be oarefuJ..y assessed
to ensure that they achieve the objectives t .! these Guidelines.

W hereve~r Regulat~on 62 is referred -', in %base "Guidel.~.es" it means ze'-4 zed
te::' of Regul~ation 2 o:~ Chapter 1--2 of the 1974 SOLAS Convention, as app-o-Ved;

bthe Maritime Safety Comittee at its forty-first aessl=o in October E7
and r-eferred to in Resolution, A.416(XI).
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1.3 Definitions

1.3.1 MeA means a gsor a mixture Of gses,9 such as flue gus, containi1ng
iMNsufficient oxYgen to support the combustion of hydrocarbons.

1L3.2 Inert condition means a condition in which the oxygen content throughou-c
the atmosphere ol' a tank has been reduced to 8 per cent or less by
volume by addition of inert gas.

1.3.3 Inr-o plant meam all equ.pC~n~t specially fitted to supply, cool,
clean,# preusurise, monitor and control delivery.. of inert gas to cargo
tank syeses.

1.3.4 "stnys m em ean ll pingvalvesandsociated

fitting to mas theitro tio inert th into gapatcrg tanks wihteojc
'o vetasen te ±z&t w aondito dpriet usin t1.3.2

1 ystem toehrt means or introductio of behaio inof arg ass w th the
machietor poveg toixed aniprtble asing pee.umn and csntroe

1.3.8 Inrtr means the Introduaction of inert Sm into a tank wilreade injthe
inati~iteiert condition define the object2o

1-3- Ga-rter reowis the ent idutin of geh contento ad/or ithth

o2bjecreving txii, fdoabe a nent toe a levesn belo
whige combston e cnt b vumre,.i i ssbeunl

1.3.9 Pugn mean the itroduction of inert a into a tank eayic he
aled nteinert condition with the object ofriigtetn

Aresyie te nrent antins oft ahir ec.frasn t tn
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With an Lnert gas system the protection against a tank explosion is
acbived by introdu~ing inert pa into the tank to keep the oxygen
content low and reduce to Wsfe poportions the hydroo=aon ga
ooncentration of the tank atmosphere.

2.2 FlaMable limits

2.2.1 A mixture of hyjrocarbon ga and aix. cannot ignite unLesS its compoSltiOL
lies w'itinr . r gs of W..in-air ooncentrations =own as the "flammable
rsaige". The lower limit of this range,, known as the "lower f.aia'ble
limit" is any hr.,docarbon conceutration below which there is insfuiicient
hrooabon as to supp,rt combustion. The uprp*z limit of the range,
known as the 'pper flammable limit" ie ay hydrcarbon concentration
above which there is insufficient air to support oombustion.

2.2.2 The flammable limits vary sciowbt for different pure hydrocaxbon gazes
and for the gas mixtures derived from different petroleum liquiid. In
practice, however, the lower and upper flammable limits of oil cargoes
carried in tankers can be taken, for general purposes, to be 1 per cent and
10 per cent hydrocarbon by volume, respectively.

.3 Effect of aet uSH on flaabilijZ

2.3.1 When an inert pa ia adci tc a k-drocarbon pa/air m±iture the redult
is to increase the lower fla.able limit oonoentration and to decrease
the upper flamable limit concentration. These effects are illustrated

in figure 1, which should be regaxded only as a guide to the principles
involved.

IAI

Ad,

- 4-: 1 •

.1. - ''" P. ./'.>.'. S,, ,

- ' ' I ~. . g X. , .*: ". -- ,,.

"'OI 'III ct

+. .+I, . Sllr~llIRCIW rAGA SI' ' C&.U&P(
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2.3.2 Any point on the diaram represents a hydrocarbon gas/air/inert gas
mixture, specified in ters of its hydrocarbon and oxygen content.
E" rocarbon/air mIxtures without inert gas lie on the line AB, the
slope of which shows the reduction in oxygen content as the hydrocarbon
content increases. Points to the left of AB represent mixtures with

-- ~their oxygen content further reduced by the addition of inert gas. It
is evident from figure 1 that as inert gas is added to hydrocarbon/air
mixtures the flamable range progessively decreases until the oxygen

. content reaches a level generally taken to be about 11 per cent by
Svolume, at which no mixture can burn. The figure of 8 per cent by
volume specified in these Guidelines for a safely inerted gas mi xture

:,. allows some margin beyond this value.

e lower and upper flammability limit mixtures for hydrocarbon gas in
air re reresented by the points C and D. As the inert gas content

eincreases, the flamable limit mixtures change. This is indicated by
the lines aE and ME, which finally converge at the point E. Only those
mixtures represented by points in the shaded area within the loop CED
are capable of burning. Changes of composition, due to the addition of
either air or inert gas, are represented by movements along straight
lines. These lines are directed either towards the point A (pure air),
or towards a point on the oxygen content axis corresponding to the

2 composition of the added inert gas. Such lines are shown for the gas
mixture rpresented by the point F.

2.3.4 When an inert mixture, such as that represented by the point F, is
diluted by air its composition moves along the line PA and therefore
,nters the shaded area of flamable mixtures. This means that all inert
mixtures in the region above the line G& (critical dilution line) pass
t rough a fla~able condition as they are mixed with air (for example
during a -as.freeing operation). Those below the line GA, such as that
represented by point H, do not become flammable on dilution. It will be
noted that it is possible to move from a mixture, such as that
represented by F, to one such as that represented by H, by dilution with
additional inert gas, i.e. purging.

2.4 Sources

Possible sources of inert gas on tankers including combination carriers

awe:

.1 the uptake from the ship's main or auxiliary boilers;

.2 an independent inert gas generator; or

.3 a gas turbinc plant when equipped with an afterburner.

2.5 Dil

Good combustion control in ship's boilers is recessary to achieve an
oxygen content of 5 per cent by volume. In order to obtain this
quality, it may be necessary to use automatic combustion control.
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2.6 &ethod of as r'eviaement
2.6.1 There are three operations which involve replacement of "S in cargotanks, namely:

r-" .1 Lext:In'a,

.2 purging;

.3 su-freeing.
n2.6.2 I each of these replacement operations, one 0i two PrOcesses can• ,,predO iflate:

* .1 d±ution, which is a mixing proceese (se. 2.0-3)
.2 d~isplaOement, which is a layering procerz. (see 2.6.4)
_hese two processes have a marked effect on the method Of mo1ItOring thetank atmosphere and the interpretatio of the results. Figure, .4 and 5-how 

that an Und"Stadin Of the nature of the gas replacement process
".. actually taking place within the tank is neceesaZy for the cor rctinterpretation of the reading ahown cn the appropriate ga sampling
. instrument,

, 2.6.3. Me dilution theory assumes that the inoomini gas mixes wit- theOriginal gLees to fo= a homogeneous mixtU.e throughout the tzzk. T.eresult ia that the oonoentStIo of the original gas decxe.ses
exponentially. In Practice the actual rate of gas replacement depends
upon the volume flow of the incoming gas, its entry velocity, and thedimension of the tank. For complete A replauement it is importartthat the entry velocity of the incoming gas is hib snoueJ, fox the jetto reach the bottom of the tank. It Is "'herefore important to conf.rmthe ability of every Initallation usinS this principle to &_ eve therequired degree of gas replaoement throu.out the tank.

0 A\

"Fi-. e 2 show, a inlet 3nd outlet Con/I;Iuratjon (or the diluion process nd Uluazes the uben

-ur0 
o( the gu fow wcohw be 

fk.,. IqlpFage S shows typicaJ curves oflp, concntranszne time (or three different samp~il Positions
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2.6.4 Ideal replacement requires a stable horizontal interface between the
lighter gas entering at the top of the tank and the heavier g.s being
displaced from the bottom of the tank through some suitable piping
arrangement. This method requi"es a relatively low entry velocity of
npa and in practice more than one volume change is necessary. It is

therefore important to confirm the ability of every installation uuing
this principle to achieve the required degree of ga replacement
throughout the tank.

"I II
I '

oI I

2.I r poro 

2-- Taner fite with ainrg sytmho lhvteicagtnk

F tur 4 sho d an inlet and outhe onf ecuration wo the displacement proces, and indi:c:es the
ierace be desn the inbolnl t and ougooirt s des.

6Flge S shows typica ives o (s concentrtion apinst time for three disferent sampling lels.

h2.7 General golicy of oaro tank atosphere control

2.7.1 tankeram ftted with an inert sa ystem should have their oatgr tanks
kept in a non-flaitnable condition at allh tmtes e iure 1). It
follos that,

.1 tanks should be kept in the inert condition whenever they containcargo reeidues or ball.at. The oxygn content should be kept at
S pe cent or less by volume with a positive gn preesure in all

. the cargo ta.nka;

.2 the atmosphere within the tank ehoud make the transition from the
.: inert condition to the pa-free condition without pasing through

the fiamable condition. In prctice this meana that before any
tank is p freed, it should be purged with inert pe until the

hydrocarbon content of the tank atmosphere is below the critical
dilution line (see figure 1)1

.3 when a ship is in a gps-free condition before arrival at a loading
port, tanks should be inerted prior to loa.ing.

2.7.2 In order to maintain cargo tanks in a non-fla-able condition the inert
gas plant will be reoured to:

.I inert empty cargo tanks (see 5.1);

.2 be operated during cargo discharge deballast ing and necessax-y
in-tank operationa (see 5.2, 5.5, 5. , 5.8 and 5.9);

.3 pur=g tanks prior to gas-freeing (see 5.10);

.4 top-up pressure in the carga tanks when necessaXy, during
other stages of the voyage (eee 5.4 and 5.e).



-~ NSC/Cixc.282
ARE=~

'R Page 10

Sr- 
N



SC/Circ .262

Page 11

3 =?CIMT AID DSIM CCMS =tTI S

2hio section addresee itself to Inert flue p s atms, MTe design
of system other than Inert flue pa 5aytwCo should take into aoooUmt,
-hemover applioable, the goneral principles outlined in this section.

3.1 eoc -iLotn f am inert flue e gote=

3.1.1 A typical Prsoo a~ f;or an inert flue gIa sryste is shown in figure 6.
It consists of flue Sa isolating valves located at the boiler uptake
points tough vbioh pases hot, dirty gases to the scrabber and
decmiter. Here the gm is cooled mnd oleaned before being piped to
blowers which deliver tho ps through the dock water seal, the non-
.etuxm valve, and the deck isolating valve to the cargo tanks, A Pe
prosmr regulating valve is fitted downstream of the blowers to
regulate the flow of gases to the cargo tank, A liquid filled presoe
yao-m broakor is fitted to prevent excessive preosure or vocuz from

oaming structural damape to cargo tank , A vent in fitted between
the deck isolating/non-returm valve and the gas pressure regulating
valve to vent any leakage whm the plant is shut down.

361.2 10? delivering inert gas to the cargo tale during cargo discharge, do-
ballasting, tank clening end for topping up the pressure of as in
the tank during other phases of the voyaeo, an inert gas deck main rms
forward frm the dock isolating valve for the length of the cargo deck.
Prom this inert gas mai, inert gas branch lines lead to the top of
eah cargo tank.

3.2 Pmemtigg o inert g orbbe or

3.2.1 the purpose of the scrubber in to cool the flue gas and remove moot of
the sulphur dioxide and particulate soot. All three actions are achieved

" by direct contact between the flue gas and large quantities of sea water.

3.2.2 Before entoring the bottom of the scrubbing tower the gas is cooled by
being passed either through a water spray, or bubbled through a wter
seal. Such a seal mya also g,-ve as the additional safety device to
provent any leakage of gas from the boilor uptake when the scrubber is
opened up for inspection or mintemce.

7.13.2.3 In the scrubbing tower itself the gas moves upwards through downward
F, flowing water. Pcr maxi= contact between gas and water, sevoral layers

mde up of one or mor of the following artn gemsnts ay be fitted:

.1 s nozzles

.2 tmys of "packed" stones or plastic ohipping.;

* r .3 perforated "i.ngsmt"I plates;

.4 venturi nozzles and slots.
3-2.4 At the top of or downstrem of the scrubbing tower, water droplets are

mnoved by one or more demister which my be polypropylene mattresses
or cyclone dryers.

Deigps of individuml mnmfaoturers vary considerbly.
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3.3 29Eu± considerationa fWr 1rt ns scr~bler
3.3.1 The scru'bber ihold be of -a de i related to the type of anker,

cargoes and ombustion control equi~ant, of tho inert gm supply suoce
and be capable of dealing with t quantity of Aert ps required by."-, ngultion 62 at the desS.ed press e differential of the system.

3.3.2 The peto=manc of the scubbo at full gas flow should be o as to. . remove at lout 90 per opn of sulphur dioxide and to xwove solids

JI:effectively. In product carriers more stingent requiremets my~ be
O- nedefor product quality.
4; 3.3.3 The internals art, of the scrubber bould be constructed in corrosion

resistant Mtrials in rospeot of the ootomive effect of the Pa.
Alternatively, the intezoal parts may be linod with rubber, gla

: fibr .opoy resin o other oquivalent material, in which case the flue
pses may roqufir to be cooled before they an Introduced into the lined

;:.4 ATequate openings and eight glases should be provided in th shell f1:
Inspoction, cleaning and observational paxposes. The sigbt glassos
should be reinforoed to withotnd impact and be of a beat resistingStype. 2his may be achieved by the use of double glazing

934 The design should be such that under nozal oonditions of trim and' list the scrubber efficiency will not fall by more than 3 Per cent, nor
will the temperature rise at the gas outlet excceed the designed

gas outlet temperature by more than 3C.

3.3.6 Tho location of the scrubber above the load waterline should be
such that tho drainage of the offluent is not ipeirod when the ship
is in the fully loaded oanditio.

3.4 ?onction of inert Ws blowers

3.4.1 lover are used to delver the scrubbed fluo gas to the cargo tanks.
Re -ltion 62(c)(i) rec~aires that at least two blowers shallI be provided

which together shall be capable of delivering Inert Pas to thS cargo
tanks at i rate of at least 125 per cent of the zaxim rnte of discharge
eapacity of the ship exressed s a olm.

3.4.2 In patice, installations vaxy from those which have one large blower
and one mall blowe, whose combinod total capacity complies with
Regulation S2, to those in which each blower can meet this recufrement. The
advantage claimed (or the foner is that it is convenient to use a
mall capacity blower when topping up the pas pressure in the cargo
tank at sea; the advntage laied for the'latter is that if either
blower is defective the other one is capable of Msintainina a positive
ps pressure in tea cug tanks without extending the duratim of the
cargo discharge.

A4
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3*5 DeuiM ooa rto ANr Unr s lw

3.5.1 Oe blower asaing should be constructed In'oorrosi4A ze,-iatant material

stowso-.oated, or lined with vubbr or glass fibre epoxy resin 0?

e bw' eqmdvalit material to roteot it from the 'orrosive offoct of
,. te gas.

3.5o2 fts impellers shoinld be meufactured in a corrosion resintan. vaterial.
Alu:inin um b e pellers should bo b stre relieved after veld.ing.
All impellar should be tested by (,venrpeding to 0 pai vint above
the deaisianing speed of the electric motor or 10 per tnat aoovcv
the speo4, at" ,hioh the overnsiod tLp of the trbine would operate,
wibover i's applioible.

3.5.3 Substantial draius, fitted with ae squatse water seals, rkhoaXL. be provided
In the oasing to prevent damage by an acamulation of wter. The
drains should be in aocordance with the rovi imis of 3.15.4.

3.5.4 Y~ws shm-'lA be provided uudh as fresh water washing to remove th6 build
vp of Aposits which would On=*e, vibratic during blower operation.

3.5.5 he oa oina hould be adequtely ribbed to yevent panting ,nd should be
soAsig d n .ad arr e as to faoilitato the removal of the rotor
without distrbing major parta of the elt and outlet gas oanexiono.

5.5.6 Whfi o iei o .s in the casing uould be provided to permit insBection.

3.5.7 Whe-e sop=+,*e shafts ae provid,d for the priz.e m',,, wrn the blo%.er,
a fwex.ble coupling between tse ehaoft should bo pmovidod.

S.5.8 lM rolle'r ball bearin- are used, fte regard Shmod bo paid to the
.roblem of brinolling and the method of lubricatin. The type o
lubrioatin chosen, i.e. oil or reaSse, should have reeard to tho
diameter and rotational speed of the shaft. If sleevo bearings =r
fitted then resilient mo-tins =a not roamerAea.

3.9 The blower pre@sure/volume characteristios shmild be =.Ic.ud to the
InZ±D system requirements. The ohbarctrZistica shnad be ruci that

in the event of the discharge of any combination of o&rxo touLt; at the
discharge rate indicated in 3.4, a minjiw preosure of 200 millimotres
water gauge is maini .ned in any cargo tank after allowing fcr prossure
loseos due to

.1the scrubber tower and demister;
*2 the idping conveying the hot gas to the scrubbing tower;

.3 the distribution piping downstream of the sorubbor;

.4 the dck water seal;

.5 the length and d J ter of the inert ga distributon syetom.

3.5.10 Mhe both blowers are not of equal capacity the prsesurw/volume
oboxaterintios and inlet and outlet piping should be uc matobed that
if both blowers can be run in parallel, they are able t.,i 3evelop their
Assigned outputs. The arrngomanta should be such as to .event the
blower o load fro aotoring the blower that is stopped ow has tripped

out.I :" ~;
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3.5.11 If the prins Zmver i, an electric motor then it .ould be of

sufficient power to w that it vil not be overloaded mder
all possible operating conditioBu of the blower. The overload
pqoer require=ent hould be based on the blower inlet oondition of

0-5 C at- 400 millinetres water gauge and outlet oonditions of 0 C
and atmospheric prossure. 9 rnento, should be provided, if
necessa', to maintain the windings in a dry condition during the
inoperative period.

3.6 Mtion of nM-ro.u dovices

3.6.1 The dock water seal and mochanical non-rotu= valve togethor fo=
tho oaons of automatically preventing the baokflow of cargo gases
from the cargo tanks to the machinery opace or othmr safe aroa in
which the inert gas plant in located.

3.6.2 eek water smeal (see Regulation 62(j))

This is tho principal barrier. A water seal is fitted ihich penits
inert gas to be delivered to the dock main but prevents any backyflo
of cargo even whn the inert g plant is abut down. It isvital that a supply of water is maintained to the seal at all timos,
particularly %&m the inert gas plant in bhiit down. In addition
drains should be led directly overboard and should not pass through
the mchinery spaces. There are different desigun but ome of three
principal types n y be adopted.

.1 Vet typo

This is the simplest typo of water seal. Men the inert gs
plant is operating, the gas bubbles through the water from the
submerged inert gas inlet pipe, but if the tank prer,,o e..eeda
the pressure in the inert Ca inlet line the water is pressed
up into this inlet pipe and thus prevents bacfIlov. The drawback
of this type of witter seal in that water droplets na be carried
over with the inert gas which, aathoug it does not impair the
quality of the inert gas, could increase corrosion. A demister
should, therefore, be fitted in the gas outlet from the water
seal to reduce any carry-over. Figure 7 shows an esazple of

this type.

4
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Gas flow towards cargo tanks Back pressure in cargo tanks

Ir
ftem 7. Deck water seal - wet type

.2 Bmi-dry type

T.utead of bubbling th ough the wter trap the inert gas flow draws
the sel.mg water into a separate holding chamber by vent'ji aoti:L
tbn moid ng or at leat reduoing the amount of water droplets being
eaZTeod over. Othmrwige it is functioal1y the sme as wet type.

I 1±8S 8 show. a example of this type.

Gas flow towards cargo tanks Back pressure in cargo tanks

I.-. 7 8. Beok water seal - semi dry type

.

lV '
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.3 Dry type

In this t ethe Vate~r is draihen the inert gas plant is in
Operation (66s flowing to t A tanks) and filled with water uhin
the Inert gas PI.Ant is eith, " shut down or the tank presm=r
ezoceda the inert, gas blower discharge pressure. Filling and
drai"ag Are pefOed by &UtOMAtioally operated valve.
controlled by the levels in the water seal and drop tacks and by
the operating state of the blowers. The advantage of this true
in that water carry-over is prevented. The drawback could be the

reder the water seal ineffective. Figure 9 shows an exmple

of this type.

Gas flow towaxele Bacl.-pressure in cargo
cargo tanks tanks

jA NA

Automatic
valve control

Figure 9. Deck water seal d ~ry type

3.6.3 Deck mechanical non-retu= valve and deck isolating valve.

As a further precaution to avoid any baokflow of Wa from the cargo tanks,
and to prevent ay baokflow, of liquid which my enter the inert gas
main 14~ the cargo tanks are ovwfilled, Regulation 62(j)(vii.%) requires
a mechanica ao-retm valve, or equivalent, ihich should be fitted
forward of the deck water seal and should operate automnatioally at
all times.
This valve should be provided with a positive means at closure or,
altm.ativoly, a separate deck isolating valve fitted forward of the
nm-vetu valve, so that the inert gas deck ain my be isolated
from the acn-retsn devices.* The separate isolating valve has the
advantage of wnabLing maintenance wozk to be carried out an the non-
zV b valve.

3.6.4 Inert gs vent valve (see Regulation 62(j)(ix))
This valve shoulId be opened when the inert gas plant in abut doim
to prevent leakage pat the non-return devices from building up any
presure in the inert gas line between the gas pressure regulating
valve and these an-retu=i devices.
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3.7 Desi oniderations fo~ non-retu=i devices
3.7.1 2he material used In the oonslztation of the non-return devices should

be resitan to fix, and to the Corrosive attack from acids fo~ed by
the gas.* Alternatively low awbon steel protected by a rubber l4inn
or ooated with glass fibre epoxy resin or equivalent material may be
used, Partioular attention should be paid to the gs inlet pipe to the
water Beal.

* 3.7.2 The deck water seal should present a resistance to backflow of :zOt
leas than the pressure setting of the pressur/vauum breawdng devie
mn the inert gas distribution system and should be so designed as to

peetthe backflow of gases under any foreseeable operating
oandit ions.

3.7.3 The water in the deck seal should be maintained by a reguilating flow of
clanm water through the doack seal reservoir.

3.7.4 Sight glasses end inspection openings shoul d be provided on the deck
seal to permit satisfactory observation of the water level during its

be reinforced to withstand impact.

3.7.5 Ay drains from the non-retumn devices should incorporate a water seal
in accordance with 3.15.4 and should comply generally with 3.16.

3.8 Inert as distibtion !nten

3.8.1 The inert gas distribution system, together with the cargo tank venting
uutem, where applicable, has to provide:

.1 means of delivering inert gas to the cargo tanks during disohargs,
do-ballasting and tank cleng operations, and for topping up the
pressure of gas in the tank;

.2 means of venting tank games to atmosphere during cargo loading
and ballsting;

.3additional Inlet or outlet points for inarting, purging and pa-
freeing;

.4 m of isolating individual tanks from the inert gas main for
psn-freeing (see 3.12.4);

.5means of proeting tanks from excessive poseure or vacuum.

3.8,2 A large variety of dseiga and operational procedures may be used to
meet these interrelated requiremts. In 3.9 are considered some or the
major desig options and their more important operational consequencest
further advice on Operational precautions is given in section 5.
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3.9 DsILM Considerat ions for valves a Dieok Innert was yteMs

34-2 Tha flus gas uptake point should be selected wuch that the gas is not'
too hot for the scZUbbe,. or causes hard deposits on the flu& gas
isolating valves. It should not be so clcse to the u:t-e outlet
that air can be drawn into the aystsm. When boilers ar fitted with
r.ta;r. aiz heaters, the ofitake point should be before the air heater

3.9.2 The materials used for flue gas isolating valves should take into
account the temperature ofogas at the offtake. Cast iron is acceptable
for temperatures below C20 0. Valves exposed to a temperature exceeding
220 C should be made from a material not only compatible with the
temperature but also resistant to the corrosive effect of stagnant
flue gases.

3.9.3 Flus gas isolating valves should be provided with facilities to keep
the seatings clear of soot unless the valve is designed to close with
a seat cleaning action. Flus as isolating valves should also be
provided with air sealing arrangements.

3.9.4 If expausign bellows are considered necessary they should have a
smooth internal sleeve and preferably be mounted so that the g flow
through them is verticals They should be oftstruoted of material
resistant to stagnant damp acidic soot.

3.9.5 The pipework between the flue gas isolating valve and the scrubber
should be made from hqavy gauge steel resistant to corrouion and so
arranged as to prevw.t the accuculation of damp acidic soot by the

C _., avoidance of .uecessa -y bonds and branches.

3.9.6 The inlet piping to the scrubber should be so arranged as to pe=it positive
iqlation from the flue gases prior to gas-froeing the scrubber for

- entry for maintenance purposes. This may be accomplished by the removal
of a suitable-length of pipe section and blanking, by spectacle flanges
or by a water seal which would prevont an leakage of gas from the
boiler when the flue gas isolating valve is abut and the scrubber is
opened up for inspection and maintenance. In the event that the
drainage of .the water seal is itself required for Inspection purposes
then isolation should be achieved either by removal of the suitablo
lengths of pipe seotins and blackin, or by the use of spectacle
flanges.

3.9.7 The gas outlet piping from the scrubber to the blowers and recirculating
lines should be made from steel suitably coated internally.

3,9.8 8ujtabje 4eolating Lrrangemente should be incorporated in the inlet and
outlet of each blower to permit safe overhaul and maintenance of a blower
while penztting the use of the inert gas system using the other blower
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3.9.9 The regulating valve recu.ired by Regulation 62(i)(i) should be
provided with means to ind-icate whether the valve is open or shut.
. . . the val v is usd to reaulate the flow of Inert gas it should be

atrolld by vs inert gas p ssir. ustd betven the ec isolating
wV alvd the "oa~o teaks

,9.10 Dok lines shmld be 6f steel aid be so arranges as to be self drainling
and should be finly attached to the ship's structure with suitable
ersmmanmta to take into aocomt movement due to heavy weather,
.bm.l czpDnsc± end fling of the ship.

.3.9.11 ~ amter of the inert gs mn, valve, and branch plpes should
teke account of the syutam requirements detailed in 3.5.9. To avoid
excessive pressure drop, the inert gas velocity should not ecceed

Z40 M/0 in any section of the distribution system when the inert gas
system is operating at its = capacity. If the inert gas main
IlLveed. for venting dring loadn g, tber factors my need to be taken
lato om ,sideration as developed in Regulation 58 of Chapter =1-2 of
the 1974 SOAS Convention for cargo tank venting systems.

3.9.12 All pressure and Vao= relief opening should be fitted with flaMe
gor-ms with eWu access for omtiw-l- and ronewal. Th flame screens
sh" ld be at the Inlets and the outlets of any relief device end be of
,obst constrtion sufficiengt to withstand the pres=e of gas
generated at maximr loadin and during baiasti,. operations while
presenting minirmum resistance.

5.10 G a nn nSMue ealt~nj valves and recirculating errniMeMnta
3.10.1 Pr esu e ontrol arbenuit, should be fitted to fulfil two functions:

.1% b. pevent autcotijolly W7 baokflow of gas in the event of either
e, failue of the inert gas blower, scrubber pMp, etc., or when the4 .; -i.t ga plst is operating correctly but the deck water seal and

• T mechanica, n.retumn valve have failed and the presure of gas in
Mthe tmk exoeede the blower disch re Pesure, e.g. during

sim.t~a*eux stripping obd ballasting operations;

.2 to regulate the flow of inert gas to the inert gas deck main.

3.10.2 A trpical at by wioh 3.10.1.2 can be achieved is as follows:

.7stem with automatic pressure control and a gas ecirculating
line. ... Aee iMallatios peit otrol of inert gas presSMre in
the dock main vithot having to adj~wt the inert ge blower speed.
G&4 not required in the cargo tanks is recirculated to the scrubber
or yent. to atmosphere. Gas premu±.e regulating valves arm fitted
In both th =in and reirculating lines; one is oontrolled by a
S presse trmmtter end regulator, while the other may be

otroled either in a similar manner or by a weight operated
Malve. fto W6re0=e tranmit-er is sited downstream of the deck
isolating valve; this enables a positive proessure to be mainto.ined
in the oaro tanks during discharge. However, it does not necessarily
mU: = that the scrubber is not overloaded during inerting and
-ging operatins.



NSC/Circ.282
AZM
Page 20

I GAS PRESSURE REGULATOR

t PRESSURE TRAtESMITTEn

IS0LLTI WAECVTER N.&. ISOLL.INi
SEAL VALYSV LVE~~

-. RECIRCULAT PRESSURE nEGULATING

Figure 10. Typical automatic pressure control system

Lltexnative methods wich 0=1)17 with Regulation 62(1)(1) my be cnidered.

3.11 Arrangments for inrting. =urdng and as-freoing (Regulation 62(m))

3-l1.1 Mwe prinoiple. of dilution end displaamt have already been
described in 2.6.3 and 2.6.4. Their applioation to epecific
installations does" an a variety of factors, including:

X! .1 the romults of laboratory tests;

.2 whether or not pw~ging of hy'drocarbon gas in required in every
tank on evea;7voyagel and

.3 the method of nting cargo tank vapours.

3.11.2 Sievvial arzangmett ane possible. One feature which should be comon
to all in that the Inlet and outlet point'i should be so located that
efficient gs replacement can take place throughout the tank.

There are three Principal ax8net:

Arrnngement Inlet point Outlet point Principle:1I top top dilution
II bottom top dilution

=1top bottom displacement or
dilution

It will be noted that all three arrangaento an be used for inorting,
yiwging an gs freeing, an htaparticular ship deuign wa
Incorporate more than one az'ragmet.

It
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3.11.3 1zagmx

Gases axe both introduced and vented from the top of the tank.
* Thi is the simplest arrangement. Gas replaeomnt in by the

dilution method. The incoming gas should almys entr the tank
in such a way a to achieve ma m penetration and thoroug

i-.ng tbrouhout the tank. Gases can be vented tbrowh a vent
stack on ech tank or throh a oinon vent main. (Se figure 11)

. i Figure 12. Dilution ()
;-I'

31..4 A g t nI

G s is introdnoed at the bottom of the tank and vented from the top.
Gas roplaoinet is by the dilution method. Thi arrangement
int-on os the gs through a oonneaion between the inert gas deck
main (just forward of the mechn oal no-retir veave) and the bottom
cargo lines (see figure 12). A spfcial fixed agw-ie- ing fan my
also be fitted. at g may be vented througb individual vnt
,tas or, if valves are fitted to isolate each oargo tank from -he

tgas ztain, throug this main to the most riser o high velocity,vent.

3.115 Arrangement Ml

Gas is introduced at the top of the tank and discharged from the
bottom. Min ageient pommits the displacement method (see
figure 13), although the dilution method my predominate if the
dnMsity difference between the incoming and existing gse is
mall or the gas inlet vvlooity in high (see figure 14). The inert
as inlet point is often led horzontasll. into a tank hatoh in

order to minirize turbulenoe e. the interfaoe. The outlet point
is often a specially fitted yr g pipe ztuding from wvithin 1 metre
of the bottom plating to 2 metre. above deck level (to mirzimize the
..nut of vapour at deck level).

'-
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Fi- 3 DisrpJaomt (111) Figure 14. Dilution (MI)

-- Iz:.1ato of oaa akfir th inert gA. dsock main (Regulation 62(k))

3.12.1 Fc: ~An-freeing and tack entry som nave or blanking arrngement is
alwrqu9 fitted to isolate individual campo tanks from the inert gas

An. dec): main.

312. 2 The following factors shonid be oozaaiderod in choosing a suitable
arrangement:

tank etry;

.2 ease and safety of use;

jP.

.3 facility to use the inert ga main for z'outiue gas-freing operations;

.4 facility to isolate tanks for, shoirt per~iods fo the regulation of
£:tank prafm and ma- ullaein I

S.5 protection, emiwstutural damage due to cargo pVping and
ballasting opexationsa n a cargo tank is inadvertently isolated
ftam the inert ps main.

~12.3 In no case should the prevennt wat tba proper venting of the tank.

3.12.4 Sowe examples of ax Kyl 91ts in =se art Show in f ige 15.

.2

I',-•
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INERT CAS D.CX A 1N .

-.;- LOC14P:' I
4.: ARRA I tvP': 1! T. 7 - "PlY::

'a-

'-zt. L/1.~~

IG-H.A2BLED SINGLE VALVE TE VALVE

L EPAD BLANK

Pige 15. uple of athods for isolating tanks
?fr inehrt ps min

3" .13.1aOn or ame liquid-tilled =rern, va= break*= should bo fitted,

+: Regulation 62(n) ame fitted.

3.13.2 Soe devieeqi little mzudnanme, but vtl only operate at the

reqire pressue if they an filled to the correct level with liqid
of the oo~et dwsty. Either a suittable oil or a freshvater/9lynol
mixture should be used to prevent freezing in cold weather.
Svaporation, ingrees of seawater, condensation a d corrosion should
be taken into consideration and adequately copeasated for. In
heavy weather, the pressure surge caused by the rootlel of liquid

fn the o tank my ethe liuib ol the aressure-va'Ln
beaker to be o t (see figure 16).

*. -
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Inert gas deck main

Uir inA 4 £ ~GAS t*

% :. CUT

to 0

to) fbi kid
Ataospheris pressure Cperatiug condition Pressure relief Vacua Noiet

104. 4000eWn W.tJ 1*4. 1600mnm w.g.) 114. -0oni e4.0.)

Figure 16. Principles of liquid filled pressure-vacm= breakers

3.13.3 The designer ahould erwre that the characteristics of the dezk water
seal, preesuxe-vacum brea..ers and pressue-vacum valves and
the pressure settings of the high and low inert gs dock pressure
ala8= are oampatible. It in also desirable to check that 5.11
preswure-vsowu devrice. ares operating at their designed pressure
settings.

3.14 Igstragntation #ad sLa&= (Regulation 62(p) to (a))

3.14.1 Certain fixed and portable instruments are required for the uufe and
effective operation of an inert gsa system. It is desirable that £l1

Y instrwnents shoul d be gradatod to a consistent awtom of mitt.

3.14.2 Clear instructions should ba providied for operating, calibrating and
testing all instruments end a-larme. Suitable calibration facilities
should be provided.

kt ~ 3.14.3 All infftramentation and alazm equipment required in ompliance with
Regulation 62 should be suitably do-Immd to withstand supply
voltage variation, smbient temperature changes, vibration, lnnidity,
shook, imacst and cormsion nozmally snoonatered on board ships.

3.14.4 The arangsment of scrubber instzrinentation and lam sMaul d be
follows:

.1 The water flow to the scrubber should be monitored either by
a flow mtor or by presse gauges. An ala-n should be initiated
idm the water flow drops below the deigned flow requirement a b7 a
Predetemined smoat and the inert gas blow%ax' sould be stoppel
automatically in the event of a further reduction in the flow.
The precise setting of the alarm and shutdow limzi-dOs should be
related to individual scrubber designs and materials.
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.2 The water level in the scrubber shall be monitored by a high water
level alem (see Regulation 62(s)(i)(2)). This alarm should be
given when pre-determized limits are reached and the scrubber pump
shut down when the level rises above met limits. These limits
should be oet having regard to the scrubber design and flooding
of the scrubber inlet piping from the boiler uptakes.

.3 The inert gee temperature at the discharge side of the gas blowers
shall be monitored. An alerm shoild be given when the temperature
reaches 650C and automatic shut down of the inert gas blowors
should be arranged if the temperature reaches 75 C.

.4 If a precooler is necessary at the scrubber inlet to protect
coating materials in the scrubbor, the arrangements for giving an
alarm in .3 above should apply to the outlet tonperatxo from the
procooler.

.5 To monitor the scrubber efficiency, it is rocomended that the coole
water inlet and outlet temperatures, and the scrubber differential

pressures are indicated.

.6 All sonuing probes, floats and sensors required to be in contact
with the wtor and Gs in the scrubber should be made from materials
resistant to acidic attack.

3.14.5 For the deck water seal, an alarm should be given when the water level
falls by a pre-determined amount but before the seal is rondorod
in'ffectivo. For certain types of deck water seals, such as the dry
type, the %.mtor level alarm may require to be suppressed when inert
pa is being supplied to the inert gas distribution system.

3.14.6 he rssure of the inert gas in the inert gas main shall be monitored (see

ReguiJation 62(s)(i)(9)). An alarm should be given iihen the pressure
reaches the oat limit. The st limit should be sot having regard to
the design of cargo tniks, mechanical non-return valvo and deck water

3.24.7 he st for oxygen analyser, recorder and indicating equipment
should be un follows:

.1 The sampling point for the oxygen analyser a.ad recorder unit should

be located at a position in the pipework after the blowers and
before the gas pressure regulating valve specified in Regulation 62.

At the chosen position turbulent flow conditions should prevail at
all outputs of the blowers. The sample point should be easily
aoessible and be provided with suitable air or steam cleaning

aomexions.

.2 the sampling probe should incorporate a dust filter in accordance
with the instrument manufacturersadvice. The probe and filter

should be capable of being withdrawn and cleaned or renewed as

zwoessary,L.
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. e shensing Pipe f= the saDplirg probe to the orgn inalyser
-., . shodd be so arranged that any owdengatien in the seningpipeline does zot prement the ga s* e reua the o ..

an.lYsez. Joints in the pipeline should be kept to a minim
to prevent the ingress of air.

A.n4 t coolers required in the sewing pipes should be installed at
the coldest point In th system; altenatively, it ocrtain
instances it MMY hO pruent to beat the sosing pipes to provont
condensation.

h.5 Te position of tho. ablyer should be chosen so that it is protected
from heat and adverse ambient conditions, but it should be
placed as close as practicable to the sampling point to reduce
the time between the =tzation of a sample end its analysis to a
minimum.

y .6 The reloring unit and re;ealer indcicatLon requirea by
Regulation 62(p) should not be located in positionis subject to
heat and uilue vibration.

.7 The resistCmce of the oomecting oebles between the analysor and the
recorder should be In accordance with the instrument manufacturers
instruction.

.8 The oygen alyer ashould have an sccuracy of par cont of the
*.• full scale dofloction of the Andicator.

.9 "Dopendent on the principle of measuwement, fixed zero mnd/or span
oslibration Arrongemnto should be provided in the vicinity of the
oxygen analyser fitted with suitablo oocnxiono for portable

3.14.8 4 sampling voint should be provided bet ween the autoratia gas prossure
reoaatine valve and the deck water seal for une with portable
inatramento.

3.14.9 The inert Sao preour. sensor and recorder should obtain the siL~al
from a point in the inert gs main betwoen the dock ioolating/non-
return valve and the cargo tanks (see Regulation 6 2(p)(i)).

e 3.14.10 When the pressure in the inert gas main forward of the non-return
devices falls belo-w 50 nillimetres water gauge means shall be provided
to give an adible alarm or to shut down the main carGo puapo
automatioaly (see Rogulation 62(s)(vii)).

3.14M1 The 0a required by Reglation 62(s)(i)(7) should be givon on the
navigating bri e and in the machinery apace.

'-
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3,14.12 In accordance with RE gW oti 62(q) portable ino'cm entoshall
be provido f"or me ing oy and ,.l o ooncenration. With
regard to the '~drowzboa vapour mtor, it should be borno in mind
that noters vorking m the ata3lyto filmnt principle are muitable
for measuring hydrocarbon concentration in oxygea deficient atmospheres.
o:ths ore, Mterc imn this principle ca=nt measure Conoentrations
of hyrowocbon vapowe above tho lower flamable limit. It is,
thefore, indvicable to use motors using a principle which io not
afe ted by O*V dWfioncy and which are capable of measuring
hydrocarbon concentration in and above the flammable range. For

to measuring below the lower flammable limit, provided sufficient oxygen
is present, the catalytic filament meter is suitable.

3.14.13 All metal parts of portable instriments and sampling tubes requiring
to be Lutroduced into taoks shild be securely earthed to tho ship
otructure while the instrmonte and sampling tubas ane being usod.
These portable instzlmito should be of an intrinsically safe type.

3.14.34 Oufficient tubing etc. s hould be provided to anable fully
repreeestaive sampling of a oaxgo tonk atmosphero to be obtained.

3.14.15 Suitable openings should be provided in o tanks to enable fully
representative samples to be taken from each tank. 1IMere tanks are
subdivided by complete or partial wash bulkheads, additional openings
shmuld be provi&e for each such arabduvision.

3.15 AIffLuot Md drAin Dininst

3.15.1 Us effluent piping from sorubbers and dock water seal drain pipes,
where fitted, should be of corrosion resistant material, or of carbon
steel suitably proteuted ints~ally against the corrosive nature of
the fluid.

3.15.2 Mw scrubber effluent pipe and dock water seal drain pipe, whore
fitted, should not be led to a o drain pipe and the dock seal
&ain should be led cloax of the cagino room and any other 6a8 5.o

. spac0.

3.15.3 Piping made in glass reinforced plastic of acceptable manufacture,
substantial thickness, pressure tested and adequately supported,
W be acceptable for effluent piping frm scrubbers =nder the
following conditions:

.1 The efflue:t lines slould, as far as possible, be led thro'Ag
cofferdams or ballast tanks and be in accorisnce with the loai
line regulations in force.

.2 Where effluent lines are lei through mashina-y s.aes
the arrgemets sho.iJd include:

'I " "
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.2.1 a valve fitted to a stub piece at the shell and actuated
both from Inside and outside the Mchinory space by
;ieueatic or bytahulic coams led tbrough steel piping.
The valve should close automatically in the event of
failuro of the opeating media. The valve should have a
a pooitio* indicator. This valve is to be closed at all
times ion the plant is not in operation as well as in
the ovent of a fire in the machinery space. Suitable
instructions to this effect are to be given, to the
moter;

.2.2 a flap type non-retun valve;

.2.3 a short length of stool pipe, or spool piece, lined
intornally and fitted between the valve referred to in .1
above end the non-retuzn valve refereed to in .2 above;
this is to be fitted with a 12.5 millinetre dizaoter
flanged drain branch pipe and valve;

.2.4 a further spool piece fitted inboard of, and adjacent to,
the non-relh= valve referred to in .2 above, similarly
fitted with a drain.

. ILiote: the purpose of this arrangement is to eablo the
i~htnese of the valves and non-?etum valves roforred to

In .1 and .2 above to be cheoked and to facilitate the
removal of the non-retu valve :or exain-tion and
replacenent.)

.2.5 I-lams should be provided outside the machinery space for
stopping tho scrubber pump.

A suitable arrangwent in illustrated in figure 17.

i
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3.15,4 A water seal in the shape of a IUI bend at leant 2 metres in depth
should be fitted at least 2 metres below the equipment to be drinod.
en should be provided for dr the lowest point of the bond.

In adition the seal should be adequately vented to a point above the
wator level in the scrubber ur dedk*gter seal.

3.15.5 The diam ter of the effluent and drain pipes should be adequate for
the duties intended and the pipe run ohould be self draining from the
water seal referred to in 3.15.4.

3.16 Seawater service

3.16.1 'It is advicable that the m sz supply of water to the inert Bas
-C scrubber as required in Regulat±i 62(f)(i) should be from an

independent pyp. The elte=ative source of supply of water may be
from, cnotbo r pxp such s the sanitary, fire, bilge and ballast Paps
provided that the qu= .tity of woter required by the inert Sm scrubber

Sis readily available and the riquirwonte of other essential sev.oee
are not thereby impaired.

3.16.2 The requirement for two e6parate pumps tobe capable of oupplying
water to the dock water sel(e .- a~n62(j)(iii)) can be met
by any Of the ympe referred to unmder &Ltirnative source of supply
in 3.16.1 subject to the same provisions applying sa are recorded :L-%

* that paragraph.

3.16.3 T6"pamps supplying water to the scoubber and the deck water seal
should be ouch an to provide the required tbrou*put of water at
light draght conditions. The quantity of water at all other draut
conditions should not flood the scrubber or increase the gas flow
resistance anceesively.

3.16.4 Loops in the piping of the dock water meal to prevent the backflow
Sof hydrocarbon vapour or inert pa should be positioned outside the

mchinery space and suitably protected against freezing, for wmample
by steam tracing. With reference to the deck water seal arrmnaeoont,
provisione should be made to prevent a eatioally controlied system

Sfrom frozing (se Regulation 62(,)(v) and (Vi)).

3.16.5 Vac=x breakers provided to prevent the water loops being emptied
should vent to a position an the open dock.

0-*
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4. OA IQ* C!F U S ?LAN.

4.1 Tboui flue gs sys ms Oiffer in Weall certain basic IvinciPles rMain
the ewme. These are:

a3 starting up the inert as plant;

.2 -abutting down the inert gas plant;

.3 safety checks when the inert gas plant is shut down.

in all cases the manuacturer's detailed instructions should be followed.

4.2 Start-up proooduxea abould be "I follows:

.1 Daurev boiler Lx pr'oducing lu. ga with an oxygn, ontent of
5 per cent *~ volime or less'(for e;ieting ships 8 per cent by
volmma or, whorevsz practicable, loes).

.2 hanure that power is available for .1 cotrol, Mma~ an
automatic shutdown operations.

Ilk3 hais% that the, quantity of Vator roqu4res by the scrubber and
deck water, "al is being maintainedi satisfaotozil by the Pu
"looted for this duty..

.4 Test operation of the &lam and shutdoum features of the system
dependent upon t~ie thoupat of water I&. the scrubber and deck SeL.

* .bQiok that the gas*-freeing fresh air 1018t valves wtiprO fitted are
shut and the blanks in position arv tciurs-

.6 ut off the air to any air seali:g arn en for the flu. gas
isolating valve.

7 ome the flue gas isolating valve.

.8 Open the selected blower woption. valve. AMSUXe that the other
blower smion and Us~obarge valves, are s 4 w=10ut it is intend
to use both blowers aimultaneously.'

.9 tart the blower.

.10 Test blower "_failure"' &la=.

.11 Open the blower discharge valve.

.12 Open the recirculating valve to enable plant to stabilise.

.13 open the nlue gas regulating valve.

.14 checkthat oxgn o tent is 5 W ent by T010 OT 1028t
(for existing ships a pe cent by volume or, wherever practicable,
lees) then alose@ the vent to atmosphere between the gs pressure
regulating valve and the deck isolating valve.
Note: Some oxgn mnalyvers requixe an uAh as tWO hours to
stabilize beore acourte readins can be obtaIned.
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Z

.15 The inert ps system is nov ready to deliver gas tohe cargo tanks.

4-3 Shutdown procedures should be as follows:

"1 When all tank atmospheres have been checked for an o gen 1Gve2 of
pot more than 8 per cent and the required in-tnk pressure has been
obtained, shut the deck isolatin/non-return valve.

.2 Open vent to atmosphere between the Can pressure regulating Valve
and the deck isolating/non-return valve.

.3 Shut the gas pressure regulating valve.

.4 Shut down the inert gas blower.

.5 Close the blower suction and discbarge valve. Chick that the drains
are clear. Open the water g stm on the blower while it is
still rotating with the power supply of tAe driving motor turned off,
unless otherwise recommended by the manufacturer. Shut doun the water
washing plant after a suitable period.

.6 Close the flue gas isolating valve and open the air sealing system.

.7 Keop the full water supply on the scrubber tower in accordance with
,the manufacturer's reoctenaton.

.8 Enure that te water supply to the deck water seal is ru ing
satisfactorily, that an adequate water seal is retained and that
the alarm arangements for it are in order.

4.4 Safety checks when inert gas plant is shutdown should be as follows:

.1 The water supply and water level in the deck seal should be
ascertained at regular intervals, at least once per day
depending on weather conditions.

.2 Check the water level in water loops installed in pipework for gas,
water or pressure transducers, to prevent the backflow of
hydrocarbon gases into gu safe spaces.

.3 In cold weather, ensure that the aaanements to prevent the freezing
of sealing water in the deck soels, pressure vacm breakers, etc.
are in order.

.4 Before the pressure in the inarted oargo tanks drops to
100 millimetres they should be re-pressurized with inert gas.

4.5 Possible failures of inert S system and actions to ' e taken include:

.1 Rih oxygen content which may be caused or indicated by the following
oceditions:

.1.1 poor combustion control at the boiler, especially under low load
conditions;

.1.2 drawing air down the uptake when boiler gas output is less than the
inert gas blower demand, especially uder low load condit-ons-
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.1.3 air leaks between the inert gas blower and the boiler uptake;

.1.4 faulty operation or calibration of the oxygen analyser;

.1.5 inert gas plant operating in the recirculation moo3; or

.1.6 entry of air into the inert gas main throuh the pressure vacu=
valves, mast risers etc. due to maloperation.

.2 If the inert gas plant is delivering inert gas with an oxygen content
of more than 5 per oent, the fault should be traced and repaired.
Regulation 62(s)(iv) requires, however, that all cargo tank
operations shall be suspended if the oxygen content exceeds
8 per cent unless the quality of the gas is improved.

.3 Inability to mintain positive pressure uring cargo discharge or
deballasting operations which may be caused by:

.3.1 inadvertent closure of the inert gas valves:

.3.2 faulty operation of the automatic pressure ocatrol system;

.3.3 inadequate blower pressure; or

ly.0.4 a cargo discharge rate in excess of the blower output.

.4 The cargo discharge or deballasting should be stopped or reduced
depending on whether or not the positive pressure in the tanks can
be maintained while the fault is rectified.

'

I-,°
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5 APPLICATION TO CLRGO TIC CPEILTION

SThe inert ga system should be used durinR the full cycle of tanker
operation as described in this section.

5.1 Inertizn of tanks

5.1.1 Tanks that have been cleaned and gas-reed should be re-inerted
preferably during the ballast voyage to allow the inert gas ysten
to be fully tested prier to cargo handling. Purge pipes/vents should
be opened to ataosphere. When the oxygen concentration of the
atmoophere in the tank has fallen below 8 per cent the purge pipes/
vents should be closed and the tank prossurized with inert gas.

5.1.2 During the re-inerting of a tank following a breakdown and repair of
*- the inert gas system, non-gas-free and non-inerted tanks should be

re-inerted in accordance with 5.1.1. Duxing inerting, no ullaging,
dipping, sampling or other equipment should be Inserted unless it has
been established that the tank is inert. This should be done by
monitoring the efflux gas fom the tank being inerted until the oxygen
content is less than 8 per cent by volne and for such a period of
time as detemined by previou teat records iben inerting gas-free
tanks to ensure that the efflux gas is fully representative of the
atmosphere within the tank.

5A1.3 When all tanks hav been iherted, they should be kept €oct -with the
inert gas main md maintained at a positive pressure in excess of
100 millimetres wter gauge during the rest of the cycle of operation.

5.2 Discharge of water ballast

5.2.1 Before discharge of cargo tank ballast is undertaken, the folloming
conditions should be checked:

.1 All cargo tanks are corected up to the inert gas system and
all isolating valves in the deck pipework are locked open.

.2 All other cargo tank openings are shut.

.3 All valves isolating the mast risers from the inert gas system
are shut.

.4 The arrangements required by Regulation 62(m)(iv)(1) are used to
isolate the cargo main from the inert gas main.

.5 "mhe inert gas plant is producing gas of an acceptable quality.

.6 The deck isolating valve is open.

5.2.2 During the deballasting operation, the oxygen content of the gas and
its pressure in the inert gas main should be continuously recorded
(Pee Reglation 62(p)(i)(l) and (2)).
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Wnhe loading car Te deck isolating valve required ty
Repletion 62(j)(iii) hould be olosed d the inert gas plant m
be shut down u s othe cargo tans are being deballasted

* imultanoualy. All openings to the cargo tanks except the
oonezimon to the mest risers or oquivulent venting arrangeOents
should be kept closed to mininise flamable vapour on deck. 'Before
-loading ooefenoe. the flame acrens in the mast risers 0r equivalent
venting arrangements should be inspected and any stop valves isolating
the cargo tanks from the inirt Sas main looked in the open position.

5.4 Loaded conditlon

5.4.1 During the loaded passage a positive pressure of Inert gas of at least
100 m4limetres water gauge should be maintained in the cargo tank
and topping up of the pressure may be necessary. When topping up
the inert Sao pressure in the cargo tanks, particular attenticz
should be paid to obtaining an oxygen concentration of 5 per cent
or less in the inert gas supply before introducing the gas into the
cargo tanks.

5.4.2 On motor tankers, +be boiler loading may have to be increased in

order that the low oxygen ooncentration in the inert gas upply can
be achieved. It may also be neoeosary to restrict the output of
the inert ga blowers to prevent air being draw down the uptake during
the topping up operation. If by these means inert gas of the
quality defined in 5.4.1 cannot be achieved then inert gas from
an alternative source of supply such as an inert gas generator might
be used.

5.5.1 It may be necessary to relieve the inert gas pressure in the cargo
tanks a arrival to permit manual measurment before cargo is
discharged. If this is done, no cargo or balasting operation is
to be undertaken and a m4inim number of small tank opening are to be
unoovered for as short a time as necessary to onable these measurements
to be completed.

5.5.2 The tanks should then be re-pressurized before discharge oo uences.

,.5.5 Carso discharge should not be oomenced until all the conditions
have been checked and are in order.

.,.4 ri discharge the oMgs content and pressure of the inert gas in
•he Inert #as main should be continuously recorded (see
Regulation 62(p)(i)(l) and (2)).

SC'd 5.g ,oil W.ahin (ee section 5 of the Crid Oil Washing
Operations and Equipment Manual)

5.6.1 Before each tank is crude oil washed, the oMwi level shall be
dsteanned at a point 1metre below the deck and at the middle region
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of the ullage spsce and neither of these deternations sball exceed

8 per cent by volume. Where tanks have complete or par tial vadx
: ~bulkhead, the deteminatica should be taken from similar levels in

each section of the tank. The ygen content and pressure of the
inert gas being delivered durng the washing process should be
continuously recorded (see Regulation 62(p)(i)(1) and (2)).

5.6.2 If, during the crude oil washing:

.1 the oxygen level of the inert gas being delivered exceeds
8 per cent by volume; or

.2 the pressure of the atosphere in the tanks in no longer positive;

then washing must be stopped until satisfaotozy conditions are
- restored. Operators should also be guided by 4.5.2.

5.7 allastin of carRo t aks

The conditions for ballasting of cargo tanks are the sae as those

for loading in 5. . When, however, sim ltaneous discharge and
ballasting is adopted, then a close watch should be kept on the
inert gas main pressure.

5.8 hllst condition

58.1 During a ballast voyae, tanks other than those required to be gas-
free for necessary tank entry should be kept inerted with the cargo
tank at mo ere at a positive pressure of not les than 100 MillI metres
water gauge having an c6ygen level not exceeding 8 per cent by volume
especially during tank cleaning.

5.8.2 Before any inert gas is introduced into cargo tanks to maintain a
positive pressure it should be established that the inert gas
contains not more than 5 per cent by volume of oagen.

5.9 ZanL claiM

Cargo tanks should be washed in the .lnert conditiOn and under a
, ,V positive pressure. The procedures adopted for tank cleening with

water should follow those for crude oil washing in 5.6.

5.10 Purging prior to ,SM-freein

Whe it is desired to Sas free a tank after washing, the concentration

of hydrocarbon vapour should be reduced by purging the inerted cargo

tank with inert gas. Purge pipes/vents should be opened to
atosphere and inert gas introduced into the tank until the hydrocarbon
vapour concentration measured in the efflux ps has been reduced to

2 per cent by volume and until such time as deterined by previous
tests on cargo ta ks has elapsed to ensure that readings have

, stabilized ad the efflux gas is representative of the aboqPhere
within the tank.

p . .
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5.11 bM~lain

5.11.1 Ge-freeing of care twk should only be carried out when tank entry
I n9eez7 (e.g. for essential repairs). It should not be
started until it is established that a flammable atmosphere in the tank
wil not be created as a result. Eydrocarbon gases should be
purged from the tank (see 5.10).

5.11.2 Gas-freeing may be effected by pneumatically, hydraulically or stem
driven portable blowers, or by fixed equipment. In either case it
is necessary to isolate the appropriate tanks to avoid contamination
from the inert gas main.

5.11.3 0e-freeing should oontinue until the entire tank has an oxygen content
of 21 per sent by volume and a reading of less than 1 per cent of lower
flamble limit is obtained on a combustible Cas indicator. Care suet
IN 14kes to prevent tke leakVe of air Into inerted tank@, or of inert
ow Sate tanks whioh ae being gs-freed.

5.12 wentry

5.12.1 The entry of personnel to the cargo tank should only be carried outIA+ under the close supervision of a responsible ship's officer and in
accordance with national rules and/or with the normal industrial

; practice laid down In the International Safety Guide for Oil Tankers
and Terminal@.* The particular hazards encountered in tanks which
have been previously inerted and then gas freed are outlined in
9.2.8, 9.3.3 and Chapter 10 of that Guide.

5.12.2 Praotioal precautions to meet these hazards include-

.1 securing the inert gas branch line gas valves and/or blanks
-, in position or, it gas freeing with the inert gas blower,

isolating the scrubber from the flue gases;

.2 closing of any drain lines entering the tank from the inert
gas main;

.3 securing relevant oargo line valves or controls in the closed
position;

ke.4 eping the inert gas deck pressure in the reuainder of the
eargo tank system at a low positive pressure such as 200 millimetres
water gauge. This minimizes the possible leakage of inert or
hydrooarbon gas from other tanka thrmugi possible bulkhead
cracks, cargo lines, valves, etc.;

.5 loweing clean sample lines well into the lower regions of the
tank in at least two locations. These locations should be away
frtoi both the inlet and outlet openings used for gas-freelng.
After It has been ascertained that a true bottom sample is
being obtained, the following readings are required:

• IGOT published by the International Chamber of Shipping and the Oil
pamnpies International Marine Forum.

a



"C/Circ.282

Page 38

.5.1 21 per cent on a portable oxygen analyser; and

.5.2 l.e than 1 per oent of lower flammable limit on a ocbuntible
gas indicator;

.6 the use of breathing apparatus whenever there is any doubt about
the tank being gas-free, e.g. in tanks mhere it is not possible

r to sample reiote looations. (This practice should be con+iuod
mtil all areas, including the bottom structure, have been
thoroughly checked.);

.7 continuously ventilating and regularly sampling the tank atmosphere

mhenever personnel czre in the tank;

.8 carefully observing normal regulations f= tank entry.

5.13 Re-ine2'ting after tank ent%7

5.13.1 When all personnol have left the tank and the equipuent has been
rwnoved, the inert gas branch line blank, if fitted, should be
renoved, the hbatch lids closed and the gas pressure regulating
valve re-opened and looked open to the inert gas main whore appropriate.
This will avoid any risk of structural damage when liquids are
mbsequoent~jv handlead.

5.13.2 AB socn as a gas-free tank is recomnected to the inert gas main it
should be re-inerted (as described in 5.1) to prevent transfer of air
to other tanks.

,a .

it-

'
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6 PRDUCT CARIRS

The basic principles of inerting are exactly the same on a product
carrier as on a crude oil tker. However there are differences in operation
of these vessels as outlined below.

6.1 Carriage of Zducts having a flaahpoint exceeding 600C (cloced
_ e -- cup test) as determined by an approved flashpoint apparatus.

6.1.1 Regulation 55(a)(i) of Part E, Chapter I1-2, 1974 SOLAS Covention as
amended by the 1978 Protocol implies, inter lia, that Regulation 60 and
62 do not ap~ly to tankers carrying petroleum products having a flashpoint
exceeding 60 C; in other words, product carriers may carry bitumens,
lubricating oils, heavy fuel oils, high flashpoint jet fuels and some
diesel fuels, gas oils and special boiling point iiquis withoat inert
gas systems having to be fitted, or, if fitted, without tanks containing
such cargoes having to be kept in the inert condition.

6.1.2 If cargoes with a flashpoint exceeding 600C, whether heated or otherwise,
are carried at temperatures near to or above their flashpoint (some bitumen
out-backs and fuel oils), a flamable atmosphere can occur (Regulation 62(a)
refers). When cargoes wish a flashpoint exceeding 60 C are carried at a
temperature higher than 5 C below their flashpoint they should be :arried
in an inerted condition.

6.1.3 Ihen a non-volatile cargo is carried in a tank "hat has not been
previously gas-freed, then that tank shall be maintained in an inert
condition.

. 6.2 Product oontamination by other cargoes

Contamination of a product may affect its odour, acidity or flashpoint
specifications, and may occur in several ways; those relevant to ships

,:in with an inert gas main (or other gas line) inter-connecting all cargo

tanks are:

.1 Liquid contamination due to overfilling a tank.

.2 Vapour oontamination through the inert gas main. This is largely a
problem of preventing vapour from low flashpoint cargoes, typically
gasolines, contaminating the various high flashpoinu cargoes listed in
6.1.1, plus aviation gasolines and most hydrocarbon solvents.
This problem can be overcome by:

.2.1 removing vapours of low flashpoint cargoes prior to loading; and

.2.2 preventing ingre3s of vapours of low flashpoint cargoes during
loadin and during the loaded voyage.

When carrying hydrocarbon solvents where quality specifications are
stringent and Ahere it is necessary to keep individual tanks positively
isolated from the inert gas main after a cargo has been loaded,
pressure sensors should be fitted so that the pressure in each such
tank can be monitored. When it is necessary to top up the relevant
tanks, the inert gas main should first be purged of cargo vapour.
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6.3 Contamination of carmoes by inert me

Por a well desiied and operated flue ps system experience
rueta that petrolm cargoes traditionally carried on product

tankers do not suffer contamination fron the flue pa itself, as
opposed to contamination from other cargoes. Now ver, wmacoeptable
contamination from the flue p. ay be encountered if proper control
is not exercised over fuel quality, efficiency of combustion, scrubbing
and filtering.
The more critical petrochemical cargoes which may be carried by product
carriers can be contaminated by flue gas.

6.4 Cntaaiaati of cargoes by water

All lubricating oils w.d jet fuels are acutely at.r critical.
Current practice requires full Line draining and ,cpping up of am
water in tank before loading. Water contamination may occur on

*<., inerted ships due to:
.1 water orry-over from the scrubber aW/or deck water seals

due ina r eequaoies in desip or maintenance of the various
drying g s 6, ts; and

.2 condensation of water from wau, fully saturated flue pa
delivered to the tanks.

,° Ga-freein in zreqie on non-inrtod product car-riers more
freuetly than on crue carriers, both because of the greter

need for tank entry and inspcton, especially in port, ad for
venting vapour. of previous cargoes. On inerted product carriers
any pas-freeing operation bas to be preceded by a purging opera-

11 ~tion (Rtegulation 62(b)(iv)), but psm-freeing for purely quality
reasons my be replaced by purging only. In addition purging
my be required on the basis outlined in 6.1.3 above.
It should be recopised that,

.1 there ae increased risks of air leaking into inert tanks and
of inert p. leaking into a tank being entered;

.2 purging is not a prerequisite of gas-freeing when the
hydrocarbon pa content of a tank is below 2 per cent by
volum;

.3 the operation of pa-freeing for product purity end %dore
tank entry is not contemplated does not require the anosphere
to have an oxygen content of 21 per cent by volume.

,'-

"1
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The basic principles of inerting an exactly the same an a combination

carrier as on a tanker. Rowver, there are differences in the design
and operation of these vessels and relevant considerations are

.. outlined below.

7.1 8lack holds

It iz particularly important for combination carriers to have their holds
inerted because whenever a hold in an OBO carrier (which could extend to the
full breadth of the ship) is partially filled with olean or oily ballast,
water agitation of this ballast can occur at mal angles of roll and
this can result in the generation of static electricity. The agitation
is sometimes referred to as 'sloih4in' and it oan harmn whenever the ullage
above the liquid level of the hold is more than 10 per cent of the depth of
the hold, measured from the undorside of the deck (see figur 18 for remedy
condition).

Ullage not
-_____ more than iC per cent

'-, , ' c ta os er, depth of hold

CLEAN OR OILY

Figure 18.

7.2 Leakage

To ensure that leakage of tank gas, particularly t::ouh the hatch oentre-
line joints, is sIiminated or minimized, it is esesvatial that the hatch
covers are inspecteu -requently to determie* the siate of their seals,
their alignent, etc. Mhen the hatch oC wL- have been opened, particularly
after the ship has been carrying a dry bulk cargo, the seals and trackvays
should be inspected and cleaned to remove any foreign matter.

7.3 W last and void spaces

The cargo holds of combination carriers are adjacent 'o ballast and void
spaces. Leakages ma occur in pipelines or ducts in these spaces, or by
a fracture in the boundary plating; in this event there is a possibility
that oil, inert gas and hydrocarbon gas may leak into the ballast and void
spaces. Consequently gas pockets may form and difficulty with gas-freeing
should be anticipated due to the considerable steelwork, acting as

stiffening, which is characteristic of these spaces. Personnel should be
alerted to this hazard.



ANNE
r- Page 42

i i:" 7.4 Izert- ms distribution gfetpm

Due to the special construction of combination carriers, the vent line
from the caro hatchway coaming is situated very close to the level of

.the cargo surface. In may cases, the inert gas main line passing along
the main dock may be below the oil level in the hold. During rough
weather oil or water may enter these lies and completely block the
opening and thus prevent an adequate supply of inert gas during either
tank cleaning or discharge. Vent lines should therefore have drains
fitted at their lowest point and these should always be checked before

OF' any operation takes place within the cargo hold.

7.5 Application when carrying oil

On combination ,ar=.iors the inert gas system should be utilized in the
manner described in section 5 when the ship is engaged exclusively in
the carriage of oil.

7.6 Application when carrving cargoes other than oil

7.6,1 When a combination carrier is carrying a cargo other than oil it should be
considered as a tanker unless the requirements in 7.6.8 are complied
with.

7.6.2 When cargoes o;her than oil are intended to be carried it is essentia]
that all holds/cargo tanks other than slop tanks referred to in 7.6.6 and
7.6.7 are emptied of o'- and oil residues, and cleaned and -rentilated to
such a degree that the tanks are completely gas free and irter-ally
inspected. Me pumproom, cargo pumps, pipelines, duct keel and other
void spaces are. to be checked to ensure that they are free of oil and
hydrocarbon gas.

.. 7.6.3 Where holds are required to carry cargo other than oil they should be
isolated from the inert gas main and oil cargo pipeline by means of
blanks which should remain in position at all times when cargoes other than
oil are being handled or carried.

7.6.4 During the loading and discharging of so3id cargoes and throughout the
intervening periods all holds/cargo tanks other than the slop tanks
referred to in 7.6.6 and 7.6.7, cargo pumprooms, cofferdams, duct keels
and other adjacent void spaces should be kept in a gas free condition

' and checked periodically at itervals of not more than two days to
. ,. ,.ensure that:

.1 there has been no generation of hydrocarbon gas or leakage of hyd-ocarbon

gas from the slop tanks referred to in 7.6.6 and 7.6.7. If

concentratios of more than 20 per cent of the lower flarable limit
are detected, the compartments concerned should be vantilated;

.2 there in no deficiency cf oxygen which could be attributable to
leakage of inert gas from another compartment.

7.6.5 As an alternative to 7.6.4, those cargo tanks which are empty of cargo
may be re-inerted in accordance with 5.1, provided they are subsequently
maintained in the inert condition and at a m4n'zwi pressure of
100 millimetres water gauge at all times, and provided that they are

* checked periodically at intervals of not more than two days to ensure
that any generation of hydrocarbon gas does not exceed o..e per ce.t by
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F : volume If wuoh a oconoetration is detected the compartments concerne
should be puzged in aocordance with 5.10.

' :- 7.6.6 Slope ihould be contained in a properly constituted slop tank and should be:

.1 d sohazged ashore and the slop tanks cleaned and ventilated to
umuh a degree that the tanks are zompletely gas-free and then
iuartedl or

.2 retained on board for not more than one voyage vhen, unless the vessel
reverts to or'ying oil, the slop tank should be treated as in 7.6.5.

If slope are retained on board for more than one voyage because reception
VL_ , faoilities for oily residues are not available, the slop tank should

be treated an in 7.6.5 and in addition a report should be forwarded
to the Adminstration.

7.6.7 Slop tarks whioh have not been discharged should cmply not only with the
requirements of 7.6.6, but also with Regulation 62(k)(ii)(2) which requires
that they be isolated from other tanks by blank flanges which will remain
in position at all times when cargoes other than oil are being carried, except
as provided for in these Glidelines. In this connexion reference is made
to 7.6.3. On oombinatior, carriers where there are also empty cargo tanks
whioh are not required to be isolated from the inert gas main then the

vrrangqmnt for isolating the slop tanks from these tanks should be such
IM a to,

.1 prevent the passage of hydrocarbon gas from the slop tanks to
IV: the epty tanks; and

.2 faoilitate monitoring (see Regulation 62(p)(iii)(1)) of and, if
er neesmary, topping up of the pressure in slop tanks and in any empty

oago tanks if the latter are being kept in the inert condition as
referred to in 7.6.5.

A ggested At in ahow in figure 19.

Slop tank CR~
Rog 62 CARGC

LIvalve small
Lbore

Is '- line

,,S 19. ?ropooed by-pass
ariagement for topping
u: cargo tanks.

In a-.44i' ii, rall. pipelines to or from the slop tanks should be

blsnk'i4 off.
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7.6.8 Instead of oomplyin with the zquixmsntm in 7.6.2 to 7.6.7,ta

ombinat ion oaTier m be operated as a bulk .ainuw vtbet
having to use its inert gs system if either:

.1 it has never caried a cargo of oil; or

-: .2 after its lat cargo of oil, all its cargo tanks, inoluding slop
tank., the pmpr om, cargo 7mps., ipe Lizs, cofferdams, duct
keel and other void paces ae aMptied of oil and oil residues,
cleaned and completely ga-free and the tanks and void spaces
internally inspected to that effeot. In addition the monitoring
required in 7.6.4 should be aootinued until it has been established

- .,that enswation of hydrocarbon w has cesod.

.

_ .r2
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8 UGCY PROCOMM

-. 8.1 In the event of total failure of the inert gas system to deliver the
quality and quantity of inert p.8 to maintain a positive presure in the
cargo tanks and slop tanks, aotion must be taken imediately to prevent
my air being dra n into the tank. All cargo tank operations should be
stopped, the dock isolating valve should be closed, and the vent valve
between it and the gas pressure reglating valve should be opened.

8.2 If it is considered to be totally impracticable to effect a repair to
veable the inert gas system to deliver the quality of gas and maintain a
positive pressure in the cargo tanks, cargo discharge and deballasting
may only be reomed provided that the following precautions are taken:

.1 The flame screens are checked to ensure that they are in a
satisfactory condition.

.2 The valves on the vent mast risers are opened.

.3 No free fall of water or slope is permitted.

.4 No dipping, ullaging, sampling or other equipment should be
-. introduced into the tank unless essential for the safety of the

operation. If it is necessary for such equipment to be introduced
into the tank, this should only be dome after at least 30 minutes
have elapsed since the injection of inert gas oeased. All metal
components of equipment to be introduced into the tank should be
securely earthed. This restriction should be applied until a period
of five hours has elapsed since injection of inert gas had ceased.

8.3 If it is essential to alea- tanks following the failure of the inert gas
8.3 stem, and inerted conditions as defined in Regulation 62(b)(ii) cannot

be maintained, further precautions are necessary. These are listed below:

.1 Tank washing should only be carried out on one tank at a time.

.2 The tank should be isolated fro other tanks and from any ooaon
venting system or the inert pa main and maximum ventilation output
should be concentrated on that tank both before and during the
washing process. Ventilation should provide as far as possible a
free flow of air from one end of the tank to the other.

.J The tank bottom should be flushed with water and stripped. The
piping system including cargo pumpe, orose-overs and discharge
lines should also be flushe4 with water.

"0



NSC/Circ.282

" -~ Page 46

.4 Washing should not oomence until tests have been made at various
levels to establish that the vapour content in any part of the
tank is below 10 per cent of the lower flamable limit.

.5 Testing the tank atmosphere should oontinue during the washing
process. If the vapour level rises to within 50 per cent of the
lower flammable limit washing should be discontinued until the vapour
level has fallen to 20 per cent of the lower flammable limit or less.

.6 If washing machines with individual capacities exceeding 6om3/hour
are to be used, only one such machine shall be used at any me time
on the ship. If portable machines are used, all hose ooezo-a
should be made up and bonding cables tested for continuity before
the machines are introduced into the tank and should not be broken
until after the machines have been removed from the tank.

.7 The tank should be kept drained during washing. If build-up of
wash water occurs, washing should be stopped until the water has
been cleared.

.8 Only clean, cold sea water should be used. Recirculating systems
should not be used.

.9 Chemical additives should not be used.

.10 All deck openings, except those necessary for washing and designed
venting arrangements, should be kept closed during the washing
process.

During cargo operations in port, more stringent regulations of the port
8.4 Autorities shall take precedence over anmy of the foregoing emergency

procedures.

E-5 The attention of the ship's master should be drawn to Regulation 11(c)
of Chapter I of the 1978 SOLAS Protocol in the event of the inert gas

rsystem having become inoperative.

-
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9 m AKCE AND TETG

9.1 Ge

9.1.1 The safety arangements are an interal part of the inert gas o'stam
and it is important for ship's staff to give special attention to them
during any inspection.

9.1.2 Inspection routines fcc some of the main ompnents are dealt with in
this section.

9.2 Inert aas scrubber

9.2.1 Inspection may be made through the manholes. Cheoks should be made
for corrosion attacks, fouling and damage to-

.1 scrubber shell and bottom;

.2 cooling water pipes end spray nozzles (fouling);

.3 float switches and temperature sensors;

.4 other internals such as trays, plates and denister filters.

9.2.2 Checks should be made for damage to non-metallic parts such as:

.1 internal linings;

.2 denisters;

S ... 3 packed beds.

t 9.3 Inert ;me blowere

9.3.1 To a limited degree, internal visual inspection will reveal daage
at an eaxly stage. Diagnostic monitoring systems should be used as
they greatly assist in maintining the effectiveness of the equlipzet.
By fitting two equal sized blowers or, alternatively, supplying and
retaining on board a spare impeller with a shaft for each blower,

r.: an acceptable level of availability is ensured. Visual inspection
', through the available openings in the blower casing are adequate for

this purpose.

9.3.2 An inspection of inert gas blowers should include:

.1 internal inspection of he blower casing for soot deposits cr
signs of corrosive attack;

.2 exmination of fixed or portable washing ateL;

.3 inspoction of the functioning of the frosh water flushing
arrangements, there fitted;

C-

°~
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.4 inspection of the drain lines from the blower casing to ensure
; that they are clear and operative;

.5 observation of the blower under running conditions for signs of

excessive vibration, indicating too large an imbalance.

9.4 Deck water seal

9.4.1 This unit performs an important function and must be maintained in
good condition. Corroded inlet pipes and damage to float controlled
valves are not uncommon. The overboard drain line and connexion are
also possible sources of trouble.

- 9.4.2 An inspection of the deck water seal should include:

.1 Opening for internal inspection to check for:

.1.1 blockage of the venturi lines in semi-dry type water seals;

.1.2 corrosion of inlet pipes and housing;

.1.3 corrosion of heating coils;

.1.4 corroded or sticking floats for water drain and supply
valves and level monitoring.

.2 Testing for function:

.2.1 automatic filling and draining: check with a local level
gauge if possible;

.2.2 presence of water carry-over (open drain cocks on inert
gas main line) during operation.

9.5 Non-return valve

The non-return valve should be opened for inspection to check for
corrosion and also to check the condition of the valve seat. The
functioning of the valve should be tested in operation.

-1

9.6 Scrubber effluent line

The scrubber effluent line cannot normally be inspected internally
except when the ship is in dry dock. The ship side stub piece,
referred to in 3.15.3.2 and the overboard discharge valve should be
inspected at each dry-docking period.

9.7 Testing of other unit3 and alaxrms

9.7.1 A method seould be devised to test the correct functioning of all
units and alarms and it may be necessary to simulate certain conditions
to carry out an effective testing programme.
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9.7.2 Such a programme should include checking:

.1 all alr and safety famtional

.2 the functioning of the flue gas isolating valves;
ps-.

*,3 the operation of all remotely or automatically controlled valves;

.4 the functioning of the water seal and non-return valve (with a
backflow pressure test);

.5 the vibration level of the inert gas blowers;

.6 for leakages: in systems four years old or more deck lines
should be examined for gas leakage;

.7 the interlocking of the soot blowers;

.8 oxygen-measuring equipent, both portable and fixed, for
accuracy by means of both air and a suitable calibration gas.

9.8 Su sted maintenance programe

*4 Component Preventive maintenance Maintenance interval

Flue gas Operate the valve Before start-up and one week
isolating
valves Cleani with compressed air or Before operating valve

steam

Dismantling for inspection and Boiler shutdown
cleaning

Flue Gas Water flush After use
scrubber Cleaning of daister Three months

Dismantling of level regulators Six months
and temperature probes for
inspection

Opening for full intenal Dry docking
inspection

Overboard Flushing with scrubber water After use
ipes and pt=p for about one hour

.valve Dismantling of the valve for Dry-dockin&repair period
flue gas overhaul, inspection of pipeline
scrubber and overboard end

lowers Vibration check While running

Flushing After use

IInternal inspection through After flushing and six
hatches months

Dismantling for full overhaul Two years or more frequently
• of bearings, shaft tighteninge if required/dry-4ocking

and other necessary work
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Component Proventive maintenance Maintenance interval

IDeck water Dismantling of level regulators/ Six months
seal float valves for inspeotion

Opening for total internal One year

inspection

Overhaul"of auto-valves One year

Deck Moving and lubricating the One week and before start
mechanical valve if necessary
non-return Opening for internal inspection One year/18 months

r valve
*Preesure- Operating and lubricating the Six months
jvacuum valves
I Opening for full overhaul One year

and inspection

!Deck isolating Opening for overhaul One year
valve

Gas pressure Removal of condensation in Before start
regulatink instrument, air supply
system Opening of Gas pressure As appropriate
I regulating valves for overhaul

Liquid Check liquid level when system When opportunity perits
filled at atmospheric pressure and every six months

1pressure-
Ivacuum
ibreaker

'.
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10 IIDUG

10.1 gat

10.1.1 An inrt ps natallAtoa Lta i mo1rtaut feature of a tanker's safety
systom iA tmsaing ia mse essential.I 10.1.2 Me requirements for tvaia depend pon the policies of the *Uipping
eompany coonoemred a ell as the Ad inistratin of the ooumtry in which the
ship is registered. thA ehapte: is not intended to specify any
particular training policy but to set out a mmber of alternatives which

a be suitably adpted.

10.2 Inonnel na-OW " _tLu-M

10.2.1 It is not the intention of this section to spell out in detail a syllabus
for courses in Uhe daesi, operation and maintenanoe of inert sa
systema, but it is sugsste4 that ay syllabus should oover the saw
gwund as that contained in theme Guidelines.

10.2.2 lovever, such practical training can ony be given if those in
oharge of, and responsible for, the vessel's safety and perforance
an themselves conletely familiar with the type of installation fitted,

and the has eds associated with Itsa use. It is roomended that the
training of both deck sad enagine rom personel is oo-ordinated to ensure
a ooon understanding of the proo*eurs.

10.2.3 Administrationg shouli mks sure that the vessel is equipped with the

necessary manuf tursrez manuals and instructions to give the necessary

information about how to oea- out the various operations.

S10.3 I~oation of trainLn

Training may take place aboard or a hors If shore training in basic

design and operation is given, personel should be made familiar with
thequipmt ea beard ship.

10.4 Borne tr-n-n mthd

r e are currently three methods used in training. CompanLes may
praotime ous, or a peitation of the following:

.1 On word by shipping oepw staff

this may be carried out either by a senibr member of the ship's

eampany 0 has been we responsible for tining or by a

speoialist *o joins tis vessel for part of a voyage, Omeh a
U.4AIa ppme can be enhanced by film ad other suitable udio-

visael aids, if thy are available. Vader thes e ircumtwUoes, it

sihmu U poseible to geal with e theoretical an well a the
-- wtiell ote.
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.2 Specialist shoze-based training

This can be undertaken by nautical colleges either in consultation

vith shipping companies or vith =mfactu.?s.

It has been found that a one-week couzse ahruld cover the subject
adequately.

.3 Shore based by shipping company staff

Tzairing und o this badng my ocour either as part of a company

cargo corue, or, for example, " part of a senior officer's
gemina whe:e appropriate time m'y be devoted to a discuesion of

ilrt gs and opeating problems.

S:1

r I

.1
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11 DSRCTION MUL(S)

Instruction Yh=uale required to be provided on board by Regulation 62(u)
should contain the following information and operational instructions.

S11.1 A line drawing of the inert gas system showing the positions of the
inert gas pipewozk from the boiler or gas generator uptakes to each
cargo tank and slop tank; gas scrubber; scrubber cooling water pump and
pipework up to the effluent discharge overboard; blowers including the
suction and discharge valves recirculation or other axrangements to
stabilize the inert gas plant operation; fresh air inlets; automatic
ps pressure regulating stop valve; deck water seal and water supply,
heating and overflow arrangements; deck non-return stop valve; water
traps in any supply, vent, drain and sensing pipework; cargo tank
isolation arrangement; purge pipes/vents; pressure/vacuum valves on
tanks; preesure/vacuum breakers on the inert gas main; permanent
recorders and instruments and the take-off points for their use,
arrangements for using portable instruments, complete and partial wash
bulkheads, mast risers, mast riser isolating valves; high velocity
vents; manual and remote controls.

11.2 A description of the system and a listing of procedures for checking
that each item of the equipment is working properly during the full
cycle of tanker operation. This includes a listing of the parameters:1 to be monitored such as inert gas main pressure, oxygen concentration in
the delivery main, oxygen concentration in the cargo tanks, temperature
at the scrubber outlet and blower outlet, blower running current or
power, scrubber pump running current or power, deck seal level during
inert gas discharge to cargo tanks at maximum rate, deck seal level at
nil discharge, etc. Established values for these parameters during
acceptance trials should be included, where relevant.

11.3 Detailed requirements for conducting the operations described in
sections 4 and 5 particular to the installation of the ship such as
times to inert, purge and gas-free each tank, sequence and number of
tanks to be inerted, purged and ps-freed, sequence and number of purge
pipes/vents to be opened or closed during such operations, etc.

11.4 Dangers of leakage of inert gas and hydrocarbon vapours and precautions
to be taken to prevent such leakages should be described relating to
the particular construction and equipment on board.

11.5 Dangers of cargo tank overpressure and underpressure during the various
stages in the cycle of tanker operation and the precautions to be taken to
prevent such conditions from arising should also be described in detail
relating to the particular construction or the equipment on board.

p a--
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12 SOME SAFETY CONSIMMATIONS WT 11MT GAS STS

12.1 ftckflow of caro maees

To prevent the return of cargo gases ox cargo from the tanks to the
machinery Epaces and boiler uptake, it is essential that an effective
barrlar is always present between these two areas. In addition to a
non-return valve, a water seal and vent valve should be fitted on the
deck me.in. It is of p.ime importance that these devices are properly
maintained and correctly operated at all times.

An additional water seal is sometimes fitted at the bottom of the

scrubber (see also 3.9.6).

12.2 jealth hazards

12.2.1 Oxygen deficiency

Eposure to an atmosphere with a low concentration of oxygen does not
necessarily produce any recognizable symptom before unconsciousness
occurs, when the onset of brain damage and risk of death can follow
within a few minutes. If the oxygen deficiency is not sufficient to
cause unoonsciousnese, the mind is liable to become apathetic and
complacent, and even if these symptoms are noticed and escape is
attempted, physical exertion will aggravate the weakness of both mind
and body. It is therefore necessary to ventilate thorougly
to ensure that no pockets of oxygen-deficient atmosphere remain. When
testing for entry a steady reading of 21 per cent oxygen is required.

12.2.2 Toxicity of hydrocarbon vapoure

Inert gas does not affect the toxicity of hydrocarbon gases and the problem
of toxicity is no different from that of ships without an inert gas system.
Because of possible gas pockets, regeneration, etc. ps-freeing must
continue until the entire compartment shows a zero reading with a
reliable combustible gas indicator or equivalent, or a 1 per cent
of the lower flammable limit reading should the instrument have a
sensitivity scale on which a zero reeding is not obtainable.

12.2.3 Toxicity of flue gas

The presence of toxic gases such as sulphur dioxide, carbon monoxide
and oxides of nitrogen can only be ascertained by measurement.
However, provided that the hydrocarbon gas content of an inerted tank
exceeds about 2 per cent by volume before gas-freeing is started, the
dilution of the toxic components of flue gas during the subsequent gas
freeing can be correlated with the readings of an approved combustible

as indicator or equivalent. If by ventilating the compartment, a
reading of 1 per cent of the lower flammable limit or less is obtained in
conjunction with an oxygen reading of 21 per cent by volume, the toxic
trace gases will be diluted to concentrations at which it will be safe
to enter. lteratively, and irrespective of initial hydrocarbon gas
content, ventilation should be continued until a steady oxygen reading
of 21 per cent 1y volume is obtained.

-49
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12.3 Tank pressu.e

When an inerted cargo tank is maintained at a positive pressure, personnel

should be advised of the practioal hazards of this pressure. Such
pressure must be adequately reduced before any tank-lids,
ullage plugs or tank washing openings are opened.

12.4 Electrostatio hazards

12.4.1 Small particulate matter carried in flue gas can be electrostatically
charged. The level of chAge is usually small, but levels have been
observed well above those encountered with water mists formed during
tank washing.

12.4.2 Because cargo tanks are normally in an inerted condition, the possibility
of electrostatic ignition has to be considered only if the oxygen
content of the tank atmosphere rises as a result of an ingress of air or
if it is necessary to inert a tank which already haa a flammable
atmosphere (see 5.1).

12.5 Repair of inert as plant

* 12.5.1 Inert gs is saphyxiating. Great oare must be exercised when work on
the plant is undertaken. Although the worker may be in the open air,
inert gas leaking from the plant could render hi unconscious very
quickly. Before opening up any equipment therefore it is reoommended
that the inert gas plant is completely gsa-freed.

12.5.2 If any unit (e.g. the inert gas scrubber) is to be examined internally,
the standard recomendations for entering enclosed spaces uist be
followed. Blind flanges should be fitted where applicable or the plant

*should be completely isolated.
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ABSTRACT

This study was undertaken to identify materials problems
that might arise in inerting systems in cargo tankers. Inerting
systems provide a means of replacing the atmosphere over the
cargo in a ship's tanks with an inert gas to reduce the possi-
bility of explosion. This study identifies design and materials
requirements for the hot gas area, pipin9 systems, blowers,
valves, instrumentation, and control and alarm systems comprising
inerting systems.
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Chapter 1

INTRODUCTION

Inerting systems provide a means of replacing the atmosphere over the
cargo in a ship's tanks with an inert gas to reduce the possibility of
explosion. A properly designed, maintained, and operated inerting system
can hold the oxygen content of the gases over the cargo below the level
at which ignition can occur.

.Tese systems are of two general types. In one type the inert gas is
flue gas produced in firing the ship's boilers. In the other type the inert
gas is produced in a separately fired gas generator. Gas-generator systems
are used on diesel-powered ships and on ships whose boiler capacity is too
small to provide enough flue gas for the inerting system.

U.S. Coast Guard regulations have required all new U.S.-flag tankers
over 100,000 dead weight tons (dwt) to operate with inerting equipment. The
Coast Guard has proposed that the requirement be extended to tankships* and
combination carriers of 20,000 dwt or more, and the United States has
proposed to the Intergovernme .tal Maritime Consultative Organization (IMCO)
that the requirement be made worldwide.

This study was undertaken by the National Materials Advisory Board
to identify materials problems that might arise after the new regulations
covering small tankers are imposed. The objective was stated as follows:

The committee will assess the materials aspects of Inert Gas
Systems. The scope of the study will be limited to flue gas
systems and separately fired gas generators. It will be con-
cerned with the selection (and treatment) of materials and
with the design objectives related to component performance.
The study will consider the major components of a typical flue-
gas inert-gas system from the boiler uptake to the gas distri-
bution piping. For each component, the relevant raintainability,
reliability and safety aspects will be addressed. The study
will not consider: operating requirements, overboard discharge
of effluent, detailed design aspects, alternate systems (e.g.,
nitrogen), nor identification of specific manufacturers.

Inerting does not guarantee freedom from accident for at least two
reasons. First, the equipment must be operated and maintained properly.
Systems installed by the Military Sealift Command on several of its ships
operated by contractors were later removed, partly because it was recog-
nized that operations were lax, so that the systems were engendering a
false sense of security. Second, should an inerting system fail, problems
might arise that would not occur in the absence of the system. Such
problems include generation of static charges and pyrophoric iron sulfide,

*Each U.S.-flag tankship that is certified to carry Grades A, B, C, D,
and some E liquids.
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which can ignite spontaneously or emit sparks when scratched or struck.
Both of these situations are beyond the scope of this committee. They
have been recognized and have been, and can be, dealt with by proper
contingency planning and training. Nevertheless, there have been major
explosions in ships equipped with inert gas systems.

This report does not present a bill of materials for an inerting
system. The design of a ship and its elements is an exercise in
engineering judgment in which performance, initial cost, upkeep costs,
maintenance schedules, and anticipated manner of operation are considered.
Most of these factors involve tradeoffs. Specific materials and design
solutions can be arrived at only during the actual design of a specific
ship. Therefore, what follows are the identification of problem areas
and suggested materials (and, in a few cases, design options) which should
be considered to produce a relatively trouble-free inerting system.

Throughout the report specific generic materials and proprietary
products are cited. No endorsement is intended. Rather, the materials
cited are representative of the types satisfactory for the service being

discussed.



Chapter 2

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

Hot Gas Area

* The components that comprise the hot gas area of the inert gas
system are exposed to an extremely corrosive environment.

Certain components require high-grade alloys to perform reliably.
These materials are currently available.

Compromises in materials for certain components should not be
accepted.

When selecting equipment for a particular application, the type
of fuel that will produce the flue gas and the maximum temperature
to which each component may be exposed are significant factors.

Components should be inspected on a regular schedule through
suitable access openings, particularly in those areas most
susceptible to corrosion.

Piping

* Contaminated sea water from the scrubber system is much more
corrosive than clean sea water.

* The most reliable corrcsion-resistant materials must be used
wherever there may be contacL with contaminated sea water.

Acceptable materials are commercially available.

Application or use of these materials is critical. Proper and
careful application of coatings and installation of pipe is
essential.

Interior inspection of scrubber piping systems is required at
regular intervals. Cleaning and any required repair must be done
at this time.

Blowers

Blowers in inert gas generator systems are not exposed to the
hostile environment experienced by blowers in a flue gas system.
They present no unusual problems and, therefore. require no
special material considerations beyond normal marine design
considerations and practice.

3
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0 Suitable materials are available for blowers in flue gas inerting
systems, but design, operation, and service life must be balanced
with maintenance requirements.

. The materials selected for the components of the system are not
totally independent of design or operating considerations and
practices. (This is true of other parts of the system as well.)
For example, washing of the blower materials after each use can
permit use of a less exotic material (from an anticorrosive
point of view) than would be the case with a blower that was not
washed after each use, all other things being equal.

Valves

" The body, lining, and seat must be of mutually compatible materials.

" Valves must be removed from the line, cleaned, and inspected at
each biennial drydock period. Ease of repair between drydock
periods is a consideration.

" Soot should not be allowed to accumulate.

Instrumentation; Control and Alarm Systems

0 Instrumentation to assure the reliability, maintainability, and
safety of the inert gas system includes the continuous measurement
of temperature, pressure, flow, water level, and oxygen concentra-
tion.

. Measurement of the oxygen concentration in the inert flue gas is of
prime importance. Several reliable ways to measure oxygen concentra-
tion are available. The degree of sample conditioning (primarily
filtration) prior to the analyzer will depend on the quality and
pressure of the flue gas available.

RECOMMENDATI ONS

Table 1 provides specific recommendations on material selection and
certain additional reconmmendations for the hot gas area, piping, blowers,

and valves.
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Chapter 3

TYPICAL INERT GAS SYSTEM

Figure 1 shows, in schematic form, a typical inert gas system
using flue gas produced in firing the ship's boilers and exhausted
through the boiler uptakes. The flue gas is drawn from the uptakes
through the boiler uptake valve. The gas is then passed through the
scrubber where it is cleaned and cooled. Regardless of the type of
scrubber used, excess water must be removed either by demisters or a
separate water separator.

Blowers distribute the inerting gas to the tanks.

Valves in the system include the blower discharge valve, the main
regulating valve, a deck nonreturn valve, and a deck isolation valve and
tank valves.

A deck water seal is installed to prevent hydrocarbon gases from the
tanks from flowing to the fan or engine room.

A recirculating line between the blower outlet and the scrubber inlet
protects against those periods when the system is in operation and no inert
gal. is required, and also allows start-up without sending air to the tanks.

Salt water pumps provide sea water for the water seals and the
scrubber.

A drain system is provided for the water seals, the scrubbing tower,
the water separator, and the fans.

Some installations contain a fresh water wash system for the fans, the
water separators, and the scrubber.

Figure 2 shows, in schematic form, a typical inirt gas system using
gas from a separately fired generator. Such systems, as noted earlier, are
used on diesel-powered ships and ships whose boiler capacity is too small
to provide enough flue gas for the inerting system.

The subsequent charters will discuss materials problems and requirements
for each element of the flue gas system.

9
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Chapter 4
I

HOT GAS AREA

Inert gas systems contain a number of distinctive areas from a
corrosion viewpoint. Those items installed from the boiler uptake to the
scrubber-boiler offtakes, flue gas piping, boiler uptake valves, and
scrubbers-make up the hot gas area. Each component is exposed to hot
corrosive gases and must be made of suitably corrosion-resistant materials
if it is to perform reliably.

Boiler Offtakes

The inerting system draws its inert gas from the stack at the boiler
offtake. Boiler offtake points should be carefully located above the
economizer to prevent the formation of ferrous salts and hard soots as a
result of fresh water washing of the economizer. Offtakes should not,
however, be so close to the top of the stack that the inerting system draws
fresh air down along the inside edge of the stack into the inerting system.
This can be a problem, particularly when the inerting system is operating
and the boiler is steaming at low load; the problem should be considered
during the early design stages of the installation.

When installing an inerting system aboard a vessel that will use a
rotary gas regenerative air heater for heat recovery, the uptake points
should be located before the air heater and away from the seal area between
the gas and air sides within the heater. Consideration should also be given
to the direction of rotation of a rotary air heater relative to the uptake
connection below the air heater to minimize the possibility of air carry-
over. Seal leakage of fresh air across the heater into the flue gas will
decrease the effectiveness of the inerting system.

Boiler scoops, if used, should be made of corrosion-resistant steel
similar to that being used for the boiler uptakes, such as CORTEN, galva-
nized mild steel, or their equivalent. Boiler scoops may, however, affect
the reliability and safety of the inerting system, particularly the uptake
valves, because they may trap and direct soot into the inerting system,
particularly during noninerting modes of operation. This could eventually
result in an accumulation of soot in the area of the uptake valves.
Boiler scoops have not been widely used, however, and should not be required
if the stack design is properly evaluated and the flue gas uptake points
are properly located in the stack relative to the boiler heat recovery
equipment.

Flue Gas Piping from Boiler Uptake to Scrubber

The flue gas piping between the boiler uptake and the scrubber (Figure 3)
provides a gas-tight means of transporting the hot flue gases into the

finerting system. The boiler uptake valves and expansion bellows (if required)
are located in this piping. Condition,, within this piping are quite severe
because the gases are hot and corrosive, particularly wher. the ship is burning
currently available Bunker C fuels, and contain significant quantities of
soot.

13
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FIGURE 3 Flue Gas Piping from Boiler Uptake to Scrubber
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Generally, _the flue gas line is made of heavy-gauge galvanized mild
steel or CORTEN . It should be well lagged to maintain the temperature of
the gas above the SO2 dewpoint. Lines should be kept as short as possible
and free of pockets to prevent accumulation of soot. If an expansion
bellows is fitted, ideally it should be fitted in a vertical position.
The bellows should be of acid-resistant materials such as Hastelloy C276,
Inconel 625, or Incoloy 825. Nonmetallic bellows can also be considered,
but they must be made of materials suitable for the temperatures
associated with the particular installation.

Bellows should be flanged, not welded, into the flue gas line to
facilitate maintenance. The design of the flue gas line must consider
proper application of the expansion bellows for both lateral and axial
movement and proper support considering high vibration levels to be en-
countered. If an internal support sleeve is required, it should be fitted
so that it will not accumulate soot.

Boiler Uptake Valves

Boiler uptake valves protect the ducts, scrubber, and blowers from
infiltration of flue gas, which can cause corrosion in the ducts. These
valves also prevent air from being drawn into the inerting system from
the uptake of an idle boiler when the system is operating on only one
boiler.

At least one boiler uptake valve should be installed in each duct
from the boiler uptake to the scrubber. The valve should be of the butter-
fly type with metallic seats having small positive clearances in the cold
condition. The valve body and disc should be of cast or nodular iron;
however, for higher temperature applications, Meehanite HA, cast steel,
or their equivalent should be considered. The valve shaft should be cf at
least 316 stainless steel or equivalent. Each valve should have a
pneumatic operator, limit switches, and position indicators.

During the shut-down condition, flue gas can enter the uptake piping
if the flue gas valves leak. Leaks can result from corrosion or from
a build-up of soot and salts that prevent the uptake valves from closing
completely. Leaks are probably the m ajor maintenance and reliability
problem associated with uptake valves. Valves can, however, be kept
relatively free from corrosion or buildup of deposits by installing an
air sealing system as well as a soot blowing system for each valve.

An air sealing system should be installed on either the uptake side
of the flue gas valve or between the valve and scrubber. This sealing air
will help prevent flue gas from leaking into the inerting system. if
sealing air is introduced downstream of the isolating valve, however, it
must be secured when operating the inert gas systein with one boiler idle.
Sealing air can be obtained by tapping off the boiler-forced draft fan(s);

however, during low-load operation, the effectiveness of this system is
questionable. Alternatively, small independent sealing blowers can be
installed to supply the sealing air when the valves are shut; these
have proven quite effective. Two flue gas isolating valves iay be used
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for each uptake, thereby permitting the sealing air to be introduced
between the valves. Another arrangement would be a double disc valve
with sealing air between the discs.

Each valve should have some means of keeping the seat ciean. Com-
pressed air or steam may be used and should be automatically controlled
by the valve shutoff actuator to clean the valve each time just prior to
closing. Two cleaning heads for each valve, or a circumferential blowing
arrangement, have proven suitable. Compressed dry instrument air (if
enough is available) is often preferred inasmuch as it prevents the intro-
duction of moisture into the uptake area, which could contribute to the
corrosion of the materials present.

An interlock must be provided between the inerting system uptake
valves and the vessel's boiler soot-blower system to preclude the blowing
of soot when the uptake valves are open and the inerting system is
operating. A hamer blind or spectacle flange should be provided between
-che boiler uptake connection and the boiler uptake valve to allow for
maintenance and valve removal when the boiler is operating. It is also
recomended that an inspection opening be provided adjacent to the uptake
valve on the scrubber side of the valve to allow for inspection without
valve removal.

Flue Gas Scrubber

Boiler stack gas can be processed to provide a continuous, reliable
source of inert gas. The system is based on a highly efficient scrubber
whose purpose is to cool the inert gas and remove soot and SO2 . It is
located between the uptake valves and the inert gas fans in a flue gas
system (Figure 1) or directly after the inert gas generator in a separately
fired inert gas generating system (Figure 2). The scrubber should
efficiently cool the flue gas and remove a large portion of the soot and
SO2 through direct contact between the flue gas and large quantities of
seawater.

There are many different types of scrubbers, but most of them basically
employ bubble cap trays, packed trays, or impingement and agglomeration.
Each type has its own particular design features and characteristics but
performs essentially the same basic function.

On entering the scrubber tower, the flue gas is cooled by being
passed through a water spray or bubbled through a water seal. This water
seal, if provided, may also be designed to serve as an additional safety
device to prevent backflow of gas to the boiler uptake.

The inlet area to the scrubber is one of the most demanding, as far
as construction materials are concerned, in the entire inert gas system.
This area, often called the inlet foot, must cope with the rigors of hot
condensing sulfuric acid, cold salt water, and various combinations re-
sulting from the mixing of the two. Although they can help to cool the
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gases, seawater sprays and associated cold seawater piping should be
avoided in this area of a flue gas system, if possible, because of the
hot corrosive conditions. If used, however, the sprayers and piping
should be made from acid-resistant materials such as Hastelloy C276,
Inconel 625, or their equivalent.

The inlet foct itself should be made from Incoloy 825 or titanium,
both of which have performed quite well even in hotter applications. Other
materials which appear quite suitable for this area are Hastelloy C276 and
International Nickel EPE 5.

The scrubber base acts as a foundation for the sc'iabber and, in
certain designs, may also provide a water seal. This area is also subject
to severe corrosive conditions. Mild steel covered with rubber or
glass-reinforced epoxy lining has proven quite successful. Mild steel
clad with Incoloy 825, Inconel 625, or the equivalent, should be considered,
however, in hotter applications. Care must be taken in preparing and
welding these materials since dilution of the weld with material of
inferior corrosion resistance will prove self-defeating. Painted steel
in the area should be avoided.

After entering the scrubber through the inlet foot, the gases move
upward into the scrubber tower through the downward flowing seawater. To
maximize contact between flue gas and seawater, several layers of spray
nozzles, pack trays, impingement trays, venturi nozzles, slots, or
any combination of these are installed.

The scrubber tower should be fabricated from mild steel with an
ebonite rubber or glass-reinforced epoxy lining or the equivalent. To
obtain a good bond, sharp corners should be avoided and care should be taken
during the installation of the lining. Welding in this area should be
avoided, for obvious reasons, once the lining is applied. Fittings in this
area should be made from corrosion-resistant materials such as polypropylene,
Incoloy, stainless steel, or the equivalent. Externally, the scrubber
should be suitably stiffened to preclude inward deflection because of fan
suction, which can cause separation of the internal lining. The scrubber
tower could be fabricated of Inconel 625 if a need existed for the best of
all possible materials. This, however, has not been the case to diae.

Where gas scrubbing or bubbling trays are used, they should be fabricated
from Incoloy 825, polypropylene, or the equivalent. Holding-bolts should be
fabricated from Incoloy 825 or its equal. Whenever packing bars are used
they should be fabricated from fiberglass. Slotted impingement plates should
be made from Incoloy 825.

Spray nozzles and water lines in the scrubber tower should he made
from 90/10 copper-nickel, nickel-aluminum-bronze, or equivalent materials.
When they are located in hotter areas of the scrubber, Incoloy 825 should
be considered.

Because of the scrubbing interaction between the flue gas and seawater,
some moisture will become trapped in the gas. A significant portion of



this moisture, as well as additional soot, can be removed by demister pads,
cyclone separators, or a combination of the two. The demisters or cyclone
separators may be separate units or integral to the scrubber tower. When
demister pads are used, they should be made from knitted polypropylene.
Holding trays which support the pads can be fabricated from Incoloy 825,
316 stainless steel, or the equivalent.

If large quantities of soot are anticipated, it might be prudent to
use a cyclone separator in lieu of demister pads, as the latter may easily
become clogged and require frequent cleaning. Cyclone-type separators, if
used, should be fabricated of mild steel lined with glass-reinforced epoxy
lining, or noncorrodible reinforced plastic.

Float switches, if fitted in the scrubber base, should be plastic
coated. Any associated fittings that are exposed to the salt water and gas
should be fabricated of nickel alloy. Alternatively, by using polyvinyl-
chloride encapsulated ultrasonic leveling devices, float valves can be
removed from the corrosive environment of the scrubber base.

Installing a means of fresh water washing of the inlet foot and the
scrubber tower after each use can greatly enhance the life of the scrubber
materials.

Suitable access doors, preferably of the quick release type, should
be installed to allow easy access to the scrubber for inspection and
removal of scrubber internals, especially in those areas most susceptible
to corrosion. In addition, spectacle flanges or hamer blinds should be
provided before and after the scrubber to preclude the possibility of gas
leakage when the scrubber is opened for inspection and maintenance.

If a gas recirculation line is installed, it should be protected with

the coatings used for gas distribution piping described on pages 19 and 20
of this report. The line should be routed in such a way that gases and
water spray that may enter the line are returned rather than held in a low
point of the pipinq system.

Separately fired inert gas generators usually are not exposed to the
severe environment encountered in flue gas systems inasmuch as they normally
use a much better grade of fuel oil to produce the inert gas. Therefore,
less exotic materials can usually be used to fabricate scrubbers for use
with separately fired inert gas generators.

The gas generator and scrubber often are combined into an integral
unit. After the gas leaves the generating area, where it is partially
cooled by the combustion chamber cooling water, it enters the scrubbing
portion which can be a series of spray nozzles or a combination of spray
nozzles and trays. The scrubber is normally made of 316 stainless steel Cr
equivalent materials, as are the spray nozzles, trays, and attachments.

If a particular application of a gas generator requires very clear.
gas, a secondary scrubber may be installed. This scrubber usually made
of materials similar to those used for the scrubbing towers of flue gas
systems.



Chapter 5

PIPING

This chapter covers the requirements of the cold water supply piping
system, the seawater drain piping system, and the inert gas distribution
system.

Cold Water Supply Piping System

The cold water supply piping system supplies cold seawater at moderate
pressures to the scrubbing tower, the scrubber seal, and the deck seal.
The piping materials for all three applications are similar; the materials
currently used are 90/10 copper-nickel pipe, glass-reinforced plastic pipe,
and aluminum-bronze pipe. Of the three types, the glass-reinforced plastic
is the most corrosion-resistant and requires the least maintenance. The
copper-nickel and aluminum-bronze pipe have been used in greater volume for
this purpose until the present because the glass-reinforced plastic pipe has
only recently been approved by the regulatory agencies for shipboard use.
Reliability of each type of pipe is good; glass-reinforced plastic may be
somewhat more reliable than the other two.

Seawater Drain Piping System

Seawater drain sources, in descending order of corrosion severity, are
scrubber drain, scrubber seal drains, water separators in gas line from
scrubber, fan drains, and deck seal.

Conditions for the scrubber drain and the scrubber seal drain are
the most severe; conditions in the other drains are only slightly less
corrosive. The conditions are: seawater; temperature (approximately 50F
above ambient seawater); pH 2-3; and seawater containing sulfur dioxide,
carbon dioxide, oxygen, and soot. Accumulations of soot can bn strongly
corrosive to local areas, and piping systems should be designed to eliminate
spots where such concentrations can occur. The piping materials in use for
these very severe conditions are glass-reinforced plastic pipe (GRP) made
with acid-resistant polyester resins, and rubber-lined steel pipe. The
shell penetration for overboard discharge of effluent is made with Schedule
160 steel pipe welded into the hull with a flange connection close on the
interior of the hull. This outlet is rubber-lined (neoprene or hard rubber)
or designed with a PVC insert. The overboard discharge valve is a flanged
steel valve, rubber-lined. If GRP is used for effluent piping, an
additional nonreturn valve inboard of the overboard discharge valve usually
is required. This valve must be of similar construction to the overboard
discharge valve. These piping systems are critical because of the severely
corrosive conditions. If perforations occur, flooding results. Glass-
reinforced plastic pipe has proven most effective and trouble free.

Inert Gas Distribution System

Inert gas distribution systems consist of piping that carries inert gas
from scrubber to fans, from fans to deck seal, and from deck seal to main
distribution line; individual tank piping; and vent lines.

19
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The diameter of the piping in the inert gas distribution system
ranges from 30 inches to approximately 8 inches. The pipe sections are
flanged, or use Dresser couplings for connectors so that sections can be
removed if corrosion or damage occur. Many installations also include
clean-outs every 40 feet downstrear, of the deck sea] for removing soot
and corrosion. These clean-outs usually consist of a flanged Y or T
with a blind flange covering the clean-out opening. The conditions within
the pipe are: gas at ambient temperature; gas of an average composition
of nitrogen (81%), carbon dioxide (12-14%), oxygen (2-4%), sulfur dioxide
(0.002-0.003%), water vapor (the remainder); soot accumulation; and water
condensate mixed with soot. Thus, serious corrosive conditions usually
can be found in areas where the protective coating is deficient, such
as along welds, on the interior edge of flanges, and in the pipe adjacent
to flanges or couplings. The water condensation can be acidic because
of the sulfur dioxide and carbon dioxide in the gas. The distribution
lines must drain to a low point with a drain opening so the corrosive
condensate does not concentrate.

The materials used for the inert gas distribution piping are heavy-
walled steel pipe lined with:

0 A coal tar epoxy lining which generally consists of an epoxy
primer with a high-build, amine-cured coal tar epoxy lining applied to
a total dry-film thickness of approximately 20 mils.

' A so-called pure epoxy coating which is an amine-cured epoxy
applied as a primer and two finish coats, with a total dry-film coating
thickness of not less than 10 mils.

. An epoxy phenolic coating with a total thickness of approximately
10 mils, preferably baked or stoved for maximum resistance.

The application of any coating exposed to the above corrosion con-
ditions is critical. Before installation, each section of pipe should
be tested with a nondestructive holiday (uncoated area) detector for
coating imperfections.

The pipe lining that has been used most frequently in the inert
gas distribution piping systems is the coal tar epoxy coating. It has
proven effective providing it has been applied with care.

Periodic inspection of the lining is required at the usually
scheduled drydock and repair periods. Necessary maintenance can be done
at this time. The valves used in the gas distribution system are primarily
cast iron or steel butterfly valves, rubber lined or epoxy coated.
Rubber-lined valves have been the most trouble-free and reliable.

The conditions in each of the above piping systems are strongly
corrosive. The most reliable piping and the most resistant lining material
should be used to assure trouble-free operation and maximum safety.



Chapter 6

BLOWERS

i This chapter identifies desirable material and design character-
istics of blowers in inerting systems using boiler flue gas.

Inerting systems that use separate gas generators also require
blowers, but they handle only air. The blowers in these systems are
located upstream of the combustion chambers, much like the forced draft
fans which provide the combustion air for the ship's boiler(s). The
service environment has no impact on mater. als selection for these
blowers, which present no unusual problems. They are treated only briefly
here. A straight-forward engineering approach, considering the service
requirements, capacity and pressure, and the usual marine environmental
requirements, is sufficient for selecting materials.

Blower Service

The blowers determine the quantity of gas delivered to the tanks and
must, therefore, be designed to deliver the proper quantity under the
designated condition. Operations of the inert gas system which affect
the design requirements of the blowers are:

• Pumping cargo - during which the flow of inert gas to the tanks
must exceed or at least equal the flow of liquid from the tanks.

* Purging tanks and re-inerting after gas freeing - during which
inert uas blown into tanks replaces air or hydrocarbons, which are dis-
charged to atmosphere by either mixing or displacement.

* Tank washing - similar requirement to that which exists for
pumping cargo, but with lower flow rates.

0 Topping up inert gas pressure on ballast or loaded voyage - to
maintain pressure in tanks above atmospheric. Gas flow initially at
high rate but low pressure and, as the tanks fill, concludes at low flow
rates but high pressure.

a Gas freeing - with fresh air to allow personnel to enter tanks.
Flow characteristics are the same as for purging tanks.

Pumping cargo is the most important of the above operations since
entry of air during pumping must be avoided. Most classification societies
and government authorities require that inert gas systems be designed to
deliver at least 125% of the maximum rated capacity of the cargo pumps.
It is strongly recouended that each blower in an inerting system be sized
for the full design capacity of the system, although this is not usually
required by classification societies. This recommendation is based on
experience that has indicated that the blowers are the system component

most prone to failure.
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The requirement that blower capacity be 25 percent above the rated
capacity of the cargo pumps allows for the variations in system head/
capacity characteristics that are encountered in service at the various
discharge terminals, where cargo discharge rates can go beyond normal
maximum pump ratings at lower than rated heads. In such cases the cargo
discharge would have to be slowed down. With proper design, which is
beyond the scope of this docurent, this remote possibility can be
avoided. It is, in the main, a question of the proper shape of the
blower head/capacity curve, associated with controls which monitor where
one is operating on the curve. This control systen, precludes operation
in certain areas of the curve where the blower/head capacity and systems-
resistance curves are not properly matched.

Blower Type

System design head/capacity requirements coupled with the need to
control oxygen content determine whether a blower or compressor is
selected for any given system. With the characteristics required in
today's systems utilizing flue gas, a centrifugal blower is the optimum
choice. With the hostile environment in which the blowers operate, this
is a simple, effective solution to the maintenance problems that would
be encountered with a compressor.

When system pressures are higher and there is also a need for
close control of gas quantity (for control of oxygen content), a com-
pressor is called for. These conditions exist with inert gas generator
systems (Figure 2), but not with flue gas systems. In the former instance,
only air is handled, as noted earlier; hence, conventional marine
equipment is satisfactory.

Blower Component Requirements

Impellers

The usual choices of materials for impellers are nickel-aluminum-
bronze or low-carbon austenitic stainless steel. Welded impeller con-
struction is often subject to corrosion or brittle fracture in the case
of nickel-aluminum-bronze if stresses are not relieved properly. Riveted
or cast construction could eliminate problems caused by improper welding;
however, riveted aluminum-bronze units are prone to severe wastage from
the inner edges of the vanes. Riveted construction of impellers is not
recommended.

Since most blower failures are caused by corrosion or erosion of
the impeller, which leads to imbalance, a fixed fresh water rinsing
system for the blowers is highly desiraLle. The blower manufacturer
should be consulted about nozzle placement and method of rinsing to ensure
that erosion is not aggravated by the rinsing procedure.

Impellers supported on both sides by pedestal-mounted bearings are
generally preferred to overhung impellers, to minimize balancing and
vibration problems, which can be expected to appear with age.
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Shaft

Impeller shaft materials usually are nickel-aluminum-bronze or low-
carbon austenitic stainless steel, the same as for the impeller. Impel-
lers should be keyed to the shaft and secured by set screws or inter-
ference fit.

Bearings and Seals

Shaft bearings and seals should be accessible for inspection without
having to dismantle ducts or casings. Bearing housings of the pedestal
type, mounted remote from the casing, are, therefore, preferred. Con-
sideration should be given to using split-type ball or roller bearings
designed to permit removal without dismantling the shaft, disconnecting
the coupling, or moving the blower or motor. Shaft seals must be gas-
tight to prevent leakage into the surrounding space or ingress of air in
the case of bearings on both sides of the impeller.

Casing

The blower casing should be constructed of welded carbon steel of
suitable thickness and adequate stiffening to prevent panting. It is
preferable that the casing be of a split design which will permit removal
of the rotor without dismantling rny connections to ducts oz piping. An
acceptable alternative design is a horizontal split casing, provided that
the arrangement of piping allows removal of casing and rotor without
removing more than the expansion bellows and transition piece. Expansion
bellows should be fitted between the fan casing and connecting piping to
ensure that no loads are transferred to the casing. Expansion bellows
should be nitrile rubber reinforced with steei rings. Woven asbestos
with steel rings has proven unsatisfactory.

All connections to the casing should be flanged for through-bolting.
Threaded connections should be avoided on the casing. Access doors
should be provided on the upper and lower half of the casing to allow
for inspection of the impeller and insertion of a lance for water washing.
The access doors should be retained by a single strongback for ease of
opening for inspection. A flanged drain connection, a minimum of 2
inches in diameter, should be provided at the low points of the casing.

The casings should be lined internally with rubber or fiberglass-
reinforced plastic. Fiberglass linings have the advantage of easy
repair, but may be more affected by abrasion than rubber. Coal tar
epoxy has also been used, but with far less success than the rubber or
fiberglass linings because of coating breakdown through erosion and sub-
sequent corrosion. Glass-flake-filled polyester resin coating is being
used to repair failed coal tar epoxy coatings.
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Couplings

The coupling between the blower and driver should be a forged or
cast steel flexible coupling, preferably nonlubricated. The coupling
should be keyed to the shafts. Coupling guards should be fitted.

Bedplate and Resilient Mounting

The blower and driver should be fitted on a common bedplate with a
suitable drainage arrangement. Naturally, the shafts of the blower and
driver should be aligned parallel to the vessel's centerline to minimize
the effect of roll. The bedplate should be stiff enough to prevent dis-
tortion and misalignment. This is particularly important when bearings
are pedestal-mounted remote from the casing.

The bedplate and foundation should be deep enough to allow access

to drain connections and piping beneath the casing.

Drivers

Electric motors or steam turbines have been the usual choices for
blower drivers. Electric motors are preferred because they have proven
more reliable than turbines. Totally enclosed fan-cooled motors with
space heaters and insulation suitable for their location in the ship
have generally proven most reliable.

/!



Chapter 7

VALVES

Blower Suction and Discharge Valves

The purpose of the blower suction and discharge valves is to
isolate one or both blowers from the system. Butterfly valves are
recommended. The first choice of material is cast steel. Cast iron
may also be used; it is less expensive, but more difficult to repair.
In either case, the body should be rubber-lined, with the rubber
liner forming the seat. Glass flake coating (30 mils dry film
thickness), based on polyester or amine cured epoxy resin, is ggood
alternative to rubber because it is easily repaired. A Teflon seat
can be inserted and is easily replaced on board, especially if the
valve is the butterfly type, which is handily removed from the line.

When choosing a rubber-lined valve, avoid those with bonded
liners because they are difficult to repair to their original
state and will have to be sent to an outside repair facility.
Amine cured coal tar epoxy and polyester glass flake are both possible
linings. The former may wear slightly less well than the latter,
but can be repaired just as readily. Both linings require grit
blasting before application. Replaceable rubber liners should be
used because of ease of replacement in the field.

For the disc and spindle, 316L stainless steel is a good choice.
Bronze is an alternative, but the spindle should also be bronze so as
to avoid electrolytic corrosion.

Whatever the material, these valves will certainly have to be
removed from the line, cleaned, and inspected at each drydock period.

Even if the seat, disc, and linings are in good condition, there
will almost certainly be a build-up of soot that must be periodically
removed to prevent impairment of the sealing capability of the valve,
which would render it useless as an isolating device.

Regulating or Main Control Valve

The main control valve is fitted downstream of the blowers,
generally close to the final bulkhead that separates the safe from the
hazardous area. Its primary purpose is to ensure constant pressure
to the deck distribution system. Excess pressure is relieved by venting
gas to the atmosphere or sending it back to the scrubber via a
recirculation line and valve.

The regulating and recirculating valves together incorporate
important safety features into the system; the regulating valve must
be automatically actuated or may be a dead-weight valve. When one

25
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of these valves closes, the other opens, keeping a constant predetermined
pressure on the deck mains. The safety aspect results from the
regulating valve closing to automatically prevent backflow of gas. This
can be triggered by failure of the inert gas blowers, scrubber pump,
etc., or by failure of the deck water seal and mechanical nonreturn
valve so that the pressure of gas in the tank exceeds the blower
discharge pressure, e.g., during simultaneous stripping and ballasting.
The regulating and recirculating valves should have a fail-safe
capability to ensure closure upon failure of actuatiny power. An
inspection opening should be provided adjacent to the regulating valve

on the scrubber side of the valve to allow f. r inspection without valve
removal.

The regulating and recirculating valves operate in the same
environment as the blower isolating valves, so the same options for
materials apply. The relative simplicity of a dead-weight valve makes
it a good choice as a recirculator. Whether the valve is operating
can readily be determined with a positioning arm. A dead-weight valve
should be mounted in a horizontal and fore-and-aft position. Hinges and
other moving parts must be maintained to keep them operating freely.
Good choices for the disc of the dead-weight valve are 3J6 stainless steel
or aluminum bronze. The seat maybe of removable Teflon or, if
rubber-lined, of rabber or Viton . A suitable material for a spring,
if fitted, is 316L stainless steel.

Deck Mechanical Nonreturn Valve

The deck mechanical nonreturn valve is a further precaution to
avoid backflow of gas from the cargo tanks; it also prevents backflow
of liquid that may enter the inert gas main if the cargo tanks are
overfilled. This valve should be fitted forward of the deck seal and
should operate automatically at all times. It is available in a
fairly elaborate form or as a simple dead-weight or spring-operated
valve. The simpler is the better choice, because the simpler the
system the less chance of mishap.

A cast steel body with a 316L stainless steel seat, clapper,
and spindle is a good selection. All exposed steel parts should be
coated with a polyester glass flake or amine cured coa tar epoxy coating.
If a stainless steel body is used, a removable Teflon seat would be
better.

This valve should always be mounted in a horizontal and fore-and-
aft position. The amount of water carryover depends on the type of
water seal employed; it could require more frequent internal inspection
to clean out accumulated soot and ensure that internal parts are
moving freely.
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Deck Isolating Valve

The deck isolating valve is fitted just downstream of the
nonreturn valve to provide positive isolation of the deck main from the
deck water seal and the remainder of the system. An inspection
opening should be fitted between the nonreturn valve and deck isolating
valve to allow for Lnpection of both valves without their removal.

This valve may be either a hand or remote operated valve, pre-
ferably a butterfly type. it should be a coated cast steel valve with
a 31;L stainless steel disc and spindle. If polyester glass flake
or amine cured coal tar epoxy coatings are used, a removable Teflon®
or Viton®seat is desirable. Reliability and maintenance of the deck
isolating valve are similar to those of the nonreturn valve because
they perform the same kind of service.

Deck Water Seal

The deck water seal is the principal barrier to le-kage of
hydrocarbon gas back into the space occupied by the blowers and
scrubbers. A water trap is fitted that permits inert gas to be
delivered to the deck main but prevents any backflow of cargo gas,
even when the inert gas plant is shut down. It is vital that a supply
of water to the seal be maintained at aal timee, particularly when the
inert gas plant is shut down, so, two independent supplies should be
provided. Both water inlet pipe and drain from deck seal overioard
should be fitted with water traps that vent to the open deck. In
addition, drains should be led directly overboazd and not passed
through machinery spaces.

Several types of deck water seal are available. The simplest
is the wet type; its drawback is water carryover downstream. To raduce
this, and the obvious consequence of corrosion dow-nstream, a
:lmister (a mesh that entrains water droplets, preventing their carry-
over dowstream) is fitted. An outer casing of mild steel with an
internaJ coating has proven satisfactory, e.g., zilA steel grit-blasted
to SA 2-1/2 and coated outside- with an inorganic zinc primer and epoxy
topuo . and inside with 3 mm of ebonite. Repairing a rubber-lined
inte.t'ic can be difficult; care should be t~een to ensure that no
welding is done on the exterior casing because it would destroy the
lining. The acidic conditions so prevalent in the scrubber are less
severe in the deck seal, but nonetheless must still be reckoned with.

A compromise lining for the seal interior is a polyester glass
flake or amine cured coal tai epoxy lining, in that order. These
should be applied to a grit-blasted surface (SA-3i with spray equip-
ment to a dry film thickness of 30 mils. Either system is easily
repaired by spot blasting and touch-up.
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If the wet type of seal is used, a demister is required. Poly-
propylene mesh is strongly reconmended, with a demister mounting material
of 316L stainless steel. A weir arrangement is also used in this type.
Mild stel, rubber lined, has proven trouble-free. That portion of
the gas inlet pipe always awa.sh has been kept corrosion-free when
constructed of Incoloy 825, 4s have the vcnturi iets in the dry types
of seal. An acceptable alternative is coated mild steel.

Care must be exercised to prevent rapid erosion in the area of
the weld. Extreme care must be used when welding dissimilar metals;
the proper rod must be used, and an extremely smooth weld must be
achieved.

Copper-nickel 90/10 or 70/30, is a good selection for steam coils
and drains. It welds more easily than aluminum-bronze and gives a good,
smooth profile.

Static, ultrasonic level floats encapsulated in PVC have
proven extremely reliable. Monel floats, unprotected, have been found
wasted within a year.

The part of the gas inlet pipe above the water level should be
coated inside and out. Means should be provided to check the condition
of this pipe easily. Should it develop holes, the seal will not
perform properly in shutdown condition.

Glass ports should be provided in the sea. to allow visual
inspection of level and conditions. Thorough internal inspection must
be made at least every two years. This inspection should include the
system as a whole. This would be the minimum for good maintenance.
Inspection, at intervals established by a classification society, should,
of course, be carried out by a competent, certified inspector.



Chapter 8

INSTRUMENTATION; CONTROL AND ALARM SYSTEMS

Instrumentation required or recomnended to assure the realiability,
maintainability, and safety of the inert gas system should measure
continuously the following parameters;

* Temperature
* Pressure
* Flow
* Liquid level
• Oxygen concentration

Flue-Gas System

Figure 4 illustrates the instrumentation recommended for an
inert gas system employing flue gas from the ship's boilers. This
illustration starts at the flue-gas scrubber, since combustion control
and boiler operation instrumentation is assumed to be already in
place and is not the primary concern of the inert gas system.

- - Of' COISTA'1T I . .. -

DECr 
PRESSURE

SCRUBBER UATER C
n DECK

r.uBE- DECK N.RIST1

S R "BLOWERS SEAL . VALVE - '
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FLUE GAS I.GL.--.-#j 0  EKAh
CB uSTIl - RECIRCULATION
CHA:IBER

WATER L" 4,

FIGURE 4 Instrumentation for Inert Gas System Using Flue Gas
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Table 2 is an instrumentation guide that augments Figure 4 by
identifying sample points, measurement involved, type of readou* d
alarm, and automatic control requirements. Locations for readoutb
and alarms are also recommended.

Inert Gas Generator System

The instrumentation recommended for an inerting system using an
inert gas v'nerator is necessarily more elaborate since the reliability
of the com-astion process and its auxiliary monitors and controls must
be included in the system.

Figure 5 illustrates a typical flow sheet of an inert gas
generator with the instrumentation parameters involved.

Table 3 identifies sample points, measurements involved, readout
requirements, alarm recommendations, automatic control-shutdown
requirements, and suggested readout locations.

Instrumentation Requirements

As mentioned above, the instrumentation on an inert gas system
includes instruments for measuring pressure, temperature, flow, and
level. Most of the instruments are relatively simple and reliable; they
have long been employed, both on shipboard and throughout the industry,
and need not be further described here. However, the required continuous
oxygen measurement, because of its importance to the safety of the
inert gas system, deserves further discussion. Also, the conditioning
of the sample that must be delivered continuously to the oxygen analyzer
is of equally vital importanuce to the success of the measurement
in respect to reliability, maintainability, and safety.

Oxygen Analyzers

There are a variety of ways to measure continuous..y the oxygen
concentration of gases. The three most common methods are:

Magnetic susceptibility-the oldest tecIhique, but still widely
employed for many applications throughout indus y. The gas stream
being analyzed must be reasonably free of particL.ates. The sensor
is somewhat sensitive to shock and tilt compared wi.h the other types.
However, this type of analyzer has an excellent history in tanker fleets.
Speed of response is excellent (90 percent in less than onE minute).

Polarographic measurement-a newer technique that has found
excellent acceptance. The sensor consists of an electiocheadcal cell
into which the oxygen diffuses through a porous membrane. The sensor
is very rugged and can tolerate reasonable amounts of particulates.
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The Rolid oxide "fuel cell"-is a newer method that employs
a heated (8500C) zirconium oxide sensor. It is widely used in
combustion control processes. However, its usefulness in this applica-
tion may be questioned because of the potentially hazardous condition
it might create when the sample gas exceeds the lower explrsive limut.
Because of this aspect, the method is not recommended unless special
means are provided to guarantee that the sensor cannot be a source of
ignition.

For assistance in selection, Table 4 compares the recommended
types of analyzers.

TABLE 4 Comparison of Oxygen Analyzers
Shock Speed of Sensitivity

Type Accuracy Sensitivity Response to Dirt Simplicity

Magnetic A B B C B
Susceptibility

Polaro raphic B A B B A

(A a Best, B Good, C - Acceptable)

Both the magnetic susceptibility and polarographic analyzers are
available as portable battery-operated instruments or continuous
monitors.

The range of the analyzer, ideally, should be 0-10 percent 02 (by
volume) to permit a mid-scale 5 percent maximum allowable 02 and with
an alann to be set at 8 percent. The analyzer also should have a
selectable 0-25 percent 02 range to permit periodic air calibration
(21 percent 02). Automatic alarm deactivation during calibration shoula
be coupled to this high-range position.

Materials of construction recommended for sensor, tubing, and
fittings exposed to sample stream include PVC, polypropylene,
fluorinated hydrocarbon, 316 stainless steel, ceramic (alumina,
etc.), fluorinated hydrocarbon-lined steel, and synthetic or natural
rubber gasketing and 0 rings.

Analyzer calibration by use of ambient air (21 percent 02) should
be performed daily. Routine preventive maintenance, and replacement
of consumable parts should be performed every 30 days or at a
frequency recommended by the analyzer manufacturer.



Sample Handling Requirements for Continuous Oxygen Analysis

The major parameters requiring attention in the sampling of gases
from combustion involve:

a Particulates
o Condensate and saturated water vapor
o Corrosivity
* Temperature

From a maintenance standpoint, particulates are the major problem.
Typically, they can be removed by various porous ceramic filters at
sample intake (Figure 6) followed by a spool-type large area
fiberglass or woven plastic filter downstream. These devices are
subject to blinding, increasing pressure drop across the filter, and
eventual loss of flow unless they are replaced or cleaned regularly.
The spool-type guard filtxz should be replaced monthly or as
needed.

Although a positive pressure will exist downstream from +he
blowers, it may be variable and not adequate for the sample flow to
the analyzer. If this is the case, it is recommended that a water
eductor be employed (Figure 6). This will require 2-3 GPM of seawater
at 50-80 psig. Sample flow should be about 250 cc/min. If employed,
the eductor will also serve as a further particulate remover to
provide a cool, particulate-free sample to the analyzer. Flow
switches on the eductor and sample stream leaving the analyzer are re-
commended to provide audible and visible alarms should either flow stop.

The analyzer can be calibrated manually or automatically
(manual operation shown) simply by opening the sample line ahead of
the eductor and drawing in ambient air. If an eductor is not used,
it will be necessary to stop the sample flow and force ambient air into
the analyzer. With the polarographic sensor, an alternate method of
calibration is simply to remove the sensor from its holder and expose
it to ambient air. Since the analyzer typically will be on a 0-10
percent 02 range, it will be necessary to switch to a higher range,
such as 0-25 percent 02, to calibrate at the 21 percent 02-in-air
level. During this interval, the true oxygen level of the flue gas
must be "frozen" to avoid alarm actuation. Again, this and the complete
calibration procedure can be automated.

All components shown in the sample handling system can be obtained
in fluorinated hydrocarbon, 316 stainless steel, Hastelloy C, and/or
appropriate plastic materials. The sample line from the blower discharge
to the three-way air-calibrate valve should be 1/2-inch armored
fluorinated hydrocarbon; thereafter, 1/4-inch fluorinated hydrocarbon
tubing should be used.
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Portable Oxygen and Combustibles Analyzers

As mentioned above, both the magnetic susceptibility and polaro-
graphic analyzers are generally available as battery-operated portable
instruments. Older portable oxygen analyzers, based on chemical
reaction colorimetric/volumetric techniques, also are available.

The combustibles analyzer typically reads out in 0-100 percent
lower explosive limit (LEL). Usually it consists of an active and
reference catalytic element within a Wheatstone bridge. Hydrocarbons
diffusing into the cell are oxidized, causing a rise in temperature
and change in resistance within the bridge. Thus a measure of per-
centage under the LEL is obtained. These are simple, rugged analyzers
that are available for continuous or portable spot-check duty.

Since most portable oxygen and combustibles analyzers are
battery operated and theoretically capable of producing a spark, care
must be exercised in sampling from individual cargo hold taps.
Various battery-powered or manual air pumps are available to pull the
sample through the analyzers if necessary. It is recommended that
portable analyzer inlets be equipped with flame arresters as a further
precaution.

Auxiliary Supplies and Spare Parts

Because of the importance of the oxygen level in the inert
gas, it is recommended that an interchangeable sensing element be
maintained as a replacement in the event of sensor malfunction or
failure.

A number of spare filter elements or cartridges should be
stocked.

The combustibles analyzer must be calibrated against a standard
hydrocarbon gas such as methane or propane. Typically, a 50 percent
LEL gas blend is supplied in a pressurized cylinder for calibration
purposes. As mentioned earlier, ambient air is all that is required
for calibrating the oxygen analyzers.

The recommendations of the suppliers for both analyzers and
sample handling system components should be followed in respect to
recommended spare parts.

~I.
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THE NATIONAL RESEARCH COUNCIL was established in 1916 by the National
Academy of Sciences to associate the broad community of science and technology with
the Academy's purposes of furthering knowledge and of advising the federal govern-
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of the Board is the advancement of materials science and engineering, in the national
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government agencies and to private organizations on matters of materials science and
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of national problems and opportunities, both technical and nontechnical in nature, and
making appropriate recommendations as to the solution of such problems and the
exploitation of these opportunities; performing studies and critical analyses on mate-
rials problems of a national scope, recommending approaches to the solution of these
problems, and providing continuing guidance in the implementation of resulting
activities; identifying problems in the interactions of materials disciplines with other
technical functions, and defining approaches for the effective utilization of materials
technologies; cooperating in the development of advanced educational concepts and
approaches in the materials disciplines; communicating and disseminating information
on Board activities and related national concerns; promoting cooperation with and
among the materials-related professional societies; maintaining an awareness of trends
and significant advances in materials technology, in order to call attention to opportuni-
ties and possible roadblocks, and their implications for other fields, and recognizing and
promoting the development and application of advanced concepts in materials and ma-
terials processes.
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